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NNO expeftet magnum progreſſum in ſcientiis, præſertim in 
parte earum operativa, nifi Philoſophia Naturalis ad ſcientias 
particulares producta fuerit, et ſcientiæ particulares rurſus ad 
Naturalem Philoſophiam reductæ. Hinc enim jit, ut Aftronomia, 
Optica, M ufica, et plurime artes Mechanice, nil fere habeant 
altitudinis in profundo ; ſed per ſuperficiem et varietatem rerum 
tantum labantur : quia poſiquam particulares iſtæ ſcientiæ diſper- 
 tite et conſtitutæ fuerint, a Philoſophia Naturali non amplius 
aluntur, que ex fontibus et veris contemplationibus motuum, ra- 
diorum, ſonorum, novas wires et augmenta illis impertiri po- 


tuerat. 
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LECTURE L 


I. 6 of H E buvneſs of Natural Philoſophy 3 is to 
deſcribe the phznomena of the areas to trace 
the relations and dependencies of cauſes; and to 
make art and nature ſubſervient to the neceſſities 
of life. | 

II. It's reality Jepends on the reality of our ſen- 
ſations; and is not therefore affected by the ex- 
iſtence or non- exiſtence of an external, material 
ee, 

III. Natural Philoſophy has eriginated from. the _ 
wants and deſires of man. : 
IV. The inducements to c the ſtudy = 
this ſcience are, iſt. It's extenſive influence in | 

> nts fn arts and manufactures. 2dly. It" s lay- 
. + dE JJC . £ 
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ing a ſure foundation of natural religion. 3dly. It's 
promoting the proper diſcharge of our duty in 
it's three great branches, to God, to man, and to 


ourſelves: to God, in acquiring proper ſentiments 
of his attributes, by contemplating his works; ; to 


man, in cultivating the valuable and neceſſary arts 
ol life, by a ſkilful application of the powers of na- 
ture; to ourſelves, by exerciſing our minds on the 


moſt glorious and intereſting objects; and thus 
ſtrengthening our reaſon, ſhaking off contracted 


prejudices, and every day making a farther —__ 
in the contemplation of truth. 
V. The. difference between the 1 and 


Fataliſts conſiſts i in this, that the one ſect maintains 6 


the world to be a work of r mere chance, the other 
of abſolute neceſũty. os 

VI. Both theſe Atheiſtical ſects are tel. the 
one by the S ot the other by the A of 
nature. 

Wolfe and l 8556 dels the Khoi Kn ne- 
ceſlity under a different form from that of the ancient Fata- 
liſts. The neceſſity of the Ancients was a blind neceſſity, 
deſtitute of all wifdom and choice; ; the neceſſity of Leibnitz 
conſiſts in this, that an intelligent being muſt be determined 


; by a ſufficient reaſon ; for- nothing happens without a ſuſicient 55 


reaſon, why it ſhould be ſo rather than otherwiſe; but that 
fufficient reaſon according to him lies in the differences 


of things and motiyes, , fo that the mind, is neceſſarily deter- 


mined 
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mined i in its volitions and elections by the greateſt apparent 
good; and it is impoſſible to make a choice between things 


| perfectly alike; : from whence he infers, that two things = 


: perfectiy alike, differing ſolo numero, Or only becauſe they are 
two, could not have been produced by the Deity. But to this 


doctrine of Philoſophical Neceſſity it is replied, that the Will | 


82 faculty, which is phyſically indifferent to acting or to not 
acting, or to acting in any particular manner, notwithſtanding 


the different affections or paſſions of the mind, raiſed by dif. 


ferent objects; and which, by merely chooſing a thing, can 
make it agreeable, though it had no agreement with any na- 
tural appetite, nay were contrary to them all; and for the 


| Will to chooſe a thing in order to pleaſe itſelf in the choice, is 


no more to chooſe without reaſon, than to build a houſe, 


in order to preſerve one from the inelemeney of the we- 


ther, is to act without reaſon. Neither can the agent in 


ſuch a caſe be ſaid to be determined by chance, becauſe, 


here is no room for chanee, if by chance be underſtood 


that which happens beſide the intention of the agent; for 


the very choice is the intention of the agent, and it is im- 


poſſible that an agent ſhould intend beſide his intention. See 


King's Origin of Evil, and Biſhop Law's Notes; and alſo 
| Limborch Theol. Lib. 2. cap. 23. | 

VII. Syſtem ons in the gaſification F; * 
i nomena. TH 

VIII. The e which . the Ancients 
in founding a rational ſyſtem of Phyſics were, Firſt, 
5 The want of many inſtruments diſcovered by the 
moderns. Secondly, Their not having had recourſe 
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| to Mathematical reaſoning.” Thirdly, The influ- 
ence of the Ariſtotelic Philoſophy. e | 
IX. Lord Verulam was the great founder of Ex- 
perimental Philoſophy. „F 
' To render Natural Philoſophy truly fruitful, he 3 : 
that two different modes of. reaſoning ſhould be duly com- 
bined, which he called the Scala Aſcenſoria & Deſcenſeria, 
the former leading from experiments to general concluſions, 
the latter from general concluſions to new diſcoveries. Theſe 
are otherwiſe called the Analytic and Synthetic methods, 
which were afterwards purſued by Newton with ſo much 


NED: 


. ; ſucceſs. . | EY, 
El. „„ ſolve A phenomenon, is 3 to 1 it 
* or ſhew that it is included under ſome gene- 
ral head; 3 not to aſtign its Meira dan. which ez. 5 
To may be unmechanical. a x 5 
Xt; Occult cauſes are ſuch as have ok ben 
Near to exiſt ge oy erperiment or concluſive 
5 chain of reaſoning. Fa e | | 
"Ar Magnetiſm, Electricity, or Gravity are not 
to be rejected as occult cauſes, becauſe their nature | 
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is unknown. | : 
XIII. Analyſis ſhould Reg "Syntheſis, other- 

wiſe we can neyer be certain, that we do not aſſume | 

powers which haye_ no exiſtence i in nature. 4 ; 

5 5 In the Newtonian method of Philoſophi- | : 

Ling three things a are e to be conſidered ; 77 1ſt. The bow. , 
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pics of erperimental enquiry and obſervation. 2dly. 
The manner of inſtituting experiments. »dly. The 
rules to be obſerved in ane on experiments, 
and deducing general concluſions.” 

XV. Inſtances of the 0p of experimental en- 
quiry are various, 8 5 
e 06 progreſs of nature in generating or de- 
ſtroying, encreaſing or diminiſhing the fame b 
perty in the ſame body, LES Se 

Thus water when cold to 2 certain degree tee ſo- 
- Id and conſiſtent ; when it ſuffers only a gentle heat, it is 
Rags when heated to the 212th degree of Farenheit, it 
is converted into an elaſtic vapour. 1 15 
1 The proceſs « of nature in diſtributing the ſame | 
property to different ſubſtances. RE 

Thus the refractive and diſperfive powers are ons in 
_ ee kinds of glaſs. 

3. The different properties with which the fame 
Property is combined in different bodies. 

Thus ſol ubility 3 in water is a ere common to Fe 
1 cies of ſaline- ſubſtance. oy ee 

4. What thoſe properties are which are + dom 


er never found united. . : 
As malleability and Wan 


7 18 tranſition of nature from. "Sas quay to 


rr | 1 85 5 09, Din 1 1 $35 $52 | * 442 1nd S153 | 
As, in cerhilutition' froth Twectiicls toacidity, and mz 
lag to alkaline OO | 


Y Py * 


ne Bs ex! r 24 : | eue Whether 
: | 
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6. Whether the ſame effect in different bodies 
be produced in the ſame or different ways. 
As whether the emiſſion of light is produced in the ſame 
way or not ah way Sun, n ay 5 e, putrefac- 
tion. 

7. In what "cafe th ſame W produces. diffe- 
rent, and ſometimes contrary effects. 


Thus cold generally prodoers contraQtion a but foretimes 


dilafation. 5 

8. To determine whether a 1 — I be pro- 
duced by one or more cauſes ; and if by more than 
one, what is the particular influence of each. 


As what is the peculiar influence of each ingrdient in 


the fulmination of gun- powder, 


9. The fimilitude or diſſimilitude of — 9 | 


parts or operations, in a Cifferent indiyiduals or ſpe- 
cies. 
As in comparing the * of man and four-footed © crea · 
tures. 


trolled and counteracted. 


As how a fire ceaſes to bum by bing expott to the | 


Sun's rays. 

. 11. Thoſe productions which differ from the reſt 
of the ſame ſpecies. 

As the unuſual refraction af Lbs d Cryſtal. 


12. Thoſe productions of Paturs: which Hh are 5 - 


reiben. 


As the various imperfect eyfalaions of Baſalt; 
TD | „ 3: I 


10. How the 8 operations of nature are. con- 
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13. The properties of things in their —__ 


and loweſt ſtate of perfection. 
As of the beſt and worſt conſtrued ſhip. 


art. 


As of the valves of a pump wit the ve of the hear 


and veins. 


- XVI. The manner. rus inſtituting „ | 


as laid down by Bacon, is 

93 * Variation of the experiment, which! is three- 
fold, 

— Of the ſubject. 


As whether fixed air will ſtop the ain of the 
living body, in the fame manner as in the fleſh of a dead 


animal. a N 
2dly. Of the efficient cauſe. 
As whether a vegetable growing in a veſſel of confined 


air, will render that air e in the ſame manner as 


an animal living in it. 


zdly. Of quantity. 


As whether works executed in the great, are equally hee - 


fect with their ſmaller models. . 


2, Production of the experiment, which 3 is two- 


fold, repetition and extenſion : as where an experi- 
ment is either e or puſhed on to a e 
degree of ſubtilty. ES 

3. Tranſlation of the experiment, which' is three- 


fold, either from nature or chance to art; or from 
a 8 . ; one 


14. A compariſon of the works wa nature and 
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one art to another; or . one branch to o another 
of the ſame art. 


. 
8 - . > 
. 5 4. 71 25 * * 7 : ? 9 
. # * 2 % ; ; 
« — - p : 


4 , : » \ 


4. Inverſion of the — or here we 
try the contrary of that which has been diſcoyered 


by experiment: „ 5 


5. Compulſion of the n or where an 


| experiment is urged on ſo far, as that a ſubſtance 


0 * 


is actually deprived of ſome quality, or oy effect : 
of ſome quality counteracted. 8 
6. Application of the zererittent or the for- 
| tunate transferring of an eee to ſome other 
uſeful experiment. V 
7. Conjunction of the experitnent; as when 


certain things have certain properties when ſepa- 


rate, it is tried whether they have the ſame or dif- 


ferent powers when conjoined. 


5 We 


8. The chances of experiment, or the trying 
A concluſion for no other reaſon than becauſe it ne- 


ver was tried before. 


7 


XVII. The rules to be 1 in 1 on 


experiments and deducing general concluſions from 
Particular inſtances, are as follow: . 


1 
ES, j 


Rule 1. More cauſes: of natural things are not 


to be admitted, than are both true and ſufficient to 


explain the phænomena. 


_ ; 
* 


Cauſes are either experimental or rati i al: experiment ** 
e only Randard of experimental cauſes; z Perception of ; 


* 
, 1 , 
: e 
E : : 5 * . 4 
1 4 q J ; . 4 * 0 
1. . 
£6 5 N N ; 9 5 
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the neceſl: ary connexion of events is the ſtandard of ratio- 15 


nal cauſes. See R. Young on the Mechaniſm of Nature. 


Rule 2. Of natural effects of the ſame kind, the 


fame cauſe is to be aſſigned, 


Rule 3. Thequalities of all bodies which cannot 
be increaſed or diminiſhed, and that agree to all 


bodies on which experiments can be made, are to 


be reckoned qualities of all bodies whatſoever. 
Rule 4. Propoſitions collected from phenomena 


by induction are to be deemed, notwithſtanding 


_ contrary hypotheſes, either accurately true, or very 
nearly ſo, until other phænomena occur, by which 


they may be rendered more accurate, or overturned. 


This laſt rule is neceffary in order to prevent the pro- 
preſs in phyſics from being impeded by hypotheſes. 


XVIII. Hypotheſes may be admitted in Philo- 


ſophy, under the following reſtrictions: 1, That 
they be not arbitrary, but ſupported by the reaſon 
and analogy of things. 247. That they ſolve all 
the phenomena to which they relate. 

XIX. Under theſe regulations SORES are 
uſeful. 1. They help-the WE and 24y, They: 
lead to new diſcoveries. 


. i 
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=» NaruRAI. Philoſophy is the ſtudy of natural 
| phenomena, in order to diſcover the forces which 5 
produce them; and from thoſe forces, aſſumed as 
cauſes, to explain other phænomena. Pq 
2. It is divided into two branches, Iſt. That 
which treats of the actions of bodics, by which their 
efſential properties are changed. 24y, That in 
which thoſe properties are not cjngels which 1 is 
Mechanical Philoſoph xy. ä 
3. Mechanical Philoſophy 3 is dea. Terreſtrial 
Mechanics and Phyſical Aſtronomy. 
4. The object of Natural Philotophy is matter; 
by which we are to underſtand an aſſemblage of the 
ſenſible qualities of extenſion, figure, ſolidity, in- 
activity, and mobility, together with a power of 
exciting certain ſenſations in us, and of Ws 
the quaiſics of other bodies. 
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ſs Ariſtotle defined matter by negatives, as hav- | 


ing neither quantity, nor quality, nor effence. 


6. Des Cartes made the eſſence of matter to 


conſiſt in exteaſion; but this doctrine i is refuted 
by Locke. | 


7. The eſſence of matter conſiſts in extenſion, 


impenetrability and inertneſs. 

Though we know in what the eſſence of matter in gene- 
0 conſiſts, yet we are 1 N of che eſſence of 
indioitdaat beings. | 

8. All bodies are extended. 

9. All bodies have ſome determinate figure. 
10. All bodies are diviſible either in fact, or in 
imagination. 


If we ſpeak of that diviſion We Fs ve conceiye in our 
iaginatten, body is infinitely diviſible. 


11. By art body may be divided info parts of 


1 minuteneſs. 


2. But Nature affords corpuſeles of ſuch ex 


treme minuteneſs, as ſurpaſſes all imagination. 


13. Matter is demonſtrated to be ipfinitely | 


diviſible 1 in a mathematical view. | 
14. There is a limit however to the 1 di- 


viſion of matter, which though different perhaps 


in different bodies, art cannot exceed, and nature 


1 her ee never appears to e 15 
21 x cz . 15. Matter 
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15. Matter therefore, we are to ſuppoſe, was ori- 
ginally created in primary particles of definite mag- 
nitude, whoſe parts are imaginary only, not real. 
Theſe elementary particles therefore are totally different 
from the Monads of Wolfe and Leibnitz, which were the ul- 
timate and ſmalleſt particles of bodies, deſtitute of magnitude, 
and incapable of any farther diviſion, even in imagination. 
But if theſe monads be extended, they muſt be capable of 
ſubdiviſion, at leaſt in imagination; and if they be not ex- 
tended , they cannot be the elements of extended body. 
Hence is ſhewn the inconelufiveneſs of Prieſtley's Hypo- 
theſis, who. ſuppoſes, that if the forces of attraction and 
. repulſion were to ceaſe, mater would at the fame time be 
actually annihilated. 1 


16. All bodies are porous. 5 
; 17. From the porouſneſs of bodies pot. 5 ex 
treme minuteneſs of their conſtituent particles, it 
happens, that fluids will inſinuate themſelves into 
all bodies; and that ſometimes A mixture. of two 
fluids will be leſs in bulk, than When * are ſe· 
parate. | 
; T6; From the edle of bodies it 1 
that the ſame quantity of mattet is not always 
contained under the ſame magnitude; and hence 
ariſes the idea of Denſity, or that property of bo- 
dies by which they contain a given quantity or 
matter in a giv en bulk; which therefore is s directly 


as 
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as the quantity of matter and mee as the mag 
nitude of the body. 
Since from experiments on 8 it appears, that 
the quantity of matter in different bodies is proportional 
to their weight, it follows, that the denſity of any body is 
directly as its weight, and inverſely as its magnitude. 
19. From the extreme tenuity to which mat- 
ter may be reduced, the as paradoxes : are de- 
rived. 


iſt. A hollow cube whoſe fide, and therefore oY 


a concave ſphere whoſe radius ſhall be equal to any 
line however great, may be formed from any quany 
tity of matter however ſmall. _ „ 

Adly. It is poſſible, that any given quantity iy mat- 


ter, however ſmall, may be ſo diffyſed through 


any given finite ſpace, however great, and ſo fill 
it, that there ſhall be no pore in it, whoſe diame- 

ter will exceed the ſmalleſt given line. 
3ly, There may be two bodies of equal magni- 
tude, whoſe quantities of matter are unequal in any 
given ratio, and yet the ſum of they pi ſhall be 
very nearly equal. 


This paradox 1s true only on the OY that the 


ſolid matter of the denſer of the two bodies occupies 
but a ſmall part of the _— ſpace, through which 225 
whole matter is diffuſed. 


20. The pores of animals are not to vi con- 
founded with the inorganic pores of dead matter, 


which, | 
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which, not belonging to any veſſels, are diffuſed 
through the entire maſs; but the pores of animals 
are the orifices of the een of xeffols called Ab- 
ſorbents or Exhalants.. 
21. Space is the order of iy which 1 
I ! is greater or leſs according to the number of like ings 
that either are, or may be interpoſed between Its extremes. | 
It is not therefore any thing really exiſting ; but is a mere 
abſtract idea, ariſing from our idea of the actual or "pot: ” 
ſible ſituation of things amongſt themſelves. _ 
22. Space is twofold, Abſolute and Relative. | 
Abſolute Space, or ſpace i in the abſtract, 1s the order of 
things which do not, but may exiſt together : : Relative 
| Space is the order of things actually ſo exiſting 3 3 and there- 
fore is the fame. with Extenſion. Abſolute Space conſi- 


dered in one direction only is Diſtance; in two, is Mathe- 


| matical Surface; in three, is Mathematical Body. Rela- 
tive Space in one direction is Length or Breadth; 5 in 1 880 
18 Phyſical Surface; in three, is Extenfion. | "= 
23. Place is the relation of diſtanee between 
any thing and any two or more points, which be- 
ing conſidered at reſt, keep the ſame diſtance one 
from the other, N 
If the whole Univerſe be 87 to be brite, we can 
conceive it moved forward in giremum; becauſe we can 
conceive other external. bodies, not part of the Univerſe, 
with reſpect to which that finite ſyſtem, called the Uni- 
verſe, may cage its wlad of 9 But if the Uni- 


* 


3 verſe 


Es © 8 | T 

verſe be ſuppoſed infinite, that is, to compriſe not only all 

bodies which actually exiſt, but which can be even imagin- 

ed as poſſibly exiſting, we cannot conceive ſuch rectilineal 
motion. | | 


24. Mobility is that property of body, by which | 


it is capable of exiſting in different parts of ſpace. 

25. 'Solidity i is that property, by which a body 
excludes all others from the place it e 'till 
it has left it. 


eee 


| 
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1 MorioN being a ſimple idea cannot be de- 
fined; we therefore deſcribe it only by its ſenſible 


| effects, when we ſay, that it is a continual and ſuc- - 


ceſſive change of place. 
2. Change of place is not motion, if, 3 


the ſubject of motion is not the ſame with the 


ſubje& of the change of place. 24y, Tho' the 


changes of place of a body be eſſentially different, 


yet its motion may be the ſame. g4y. Motion is 
the action of a body, by which it changes place. 

3. Ariſtotle's definition of motion, viz. + The 
energy of what exiſts in power, conſidered as ſo ex- 


_ iſting,” ſignifies, © The actual exerciſe of the ca- 
pacity which a being has of becoming an agent, 


conſidered as rendering that being an agent in fact, 

which before had ſimply the power of being ſo.“ 
4. Ariſtotle under this genus of motion com- 

prehended ſix e ſpecies, viz. > of Tranſi- 


tion 
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tion or change of place. 2nd. Aliation or change 
of quality. 34. Augmentation. 4. Diminuti- 
.on. -- gt, Corruption. 6th. Generation. 
5. Hence Tranſition, or Local Motion, is defin- 
- ed, The act or energy of a being which has the 
capacity of changing place, eee 1c as having 
that capacity. | * 
6. It has been diſputed that mation; as 1 
ed by Philoſophers, is impoſſible, _ 
Let us ſuppoſe, ſays Glanvil, the circumference of a 
wheel to be divided according to the alphabet; fince in 
motion there is change of place, and in the motion of a 
wheel there is a ſucceſſion of one part to another, in the 
ſame place; it ſeems inconceivable that 4 ſhould. move, 
until B has left its place z now it cannot move, but it muſt 
acquire ſome place or other: and it can acquire none but 
B's, which we ſuppoſe to be moſt immediate to it; but the 
ſame place cannot contain them both ; and therefore B muſt 
leave its place, before A can get into it; but B cannot move 
except into the place of C; and C muſt leave that place, be- 
fore B can come into it; ſo that the motion of C will be 
pre- required likewiſe to the motion of A, and ſo onward | 
to Z, which is next to it; for the ſame reaſon Z cannot 
move, until A moves; neither will A be able to move, until 
Z hath, (as has been ſhewn already) ſo that the motion of 
every part will be pre- required to itſelf, which is abſurd. 
Scepſis Scientifica, page 4. This objection i is eaſily anſwer- 
ed by aſſerting, ONE: the parts do not move in fucceſſion, 
| * , " 
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but all at once. To this Glanvil anfwers, that we cannot - 
conceive in a ſucceſſion, but that ſomething ſhould be firſt, 
and that motion ſhould begin ſomewhere, This is admitted; 
for the motion of each part, ſeparately conſidered, begins 
from the point, at which it was at the beginning of the mo- 


tion of the wheel, ſo that every part commences its moti- 


on from a different point; but all the motions commence at 
the ſame inſtant. When it is afferted, that the points do not 
move in ſucceſſion, that ſucceſſion relates to the order of 
* not to the points of ſpace. . . 
It is farther objected againſt the reality of motion, that i it 


| infers an equality between the circumferences of unequat 


circles; for if there be two wheels of unequal diameters, 
fixed on the ſame axle, and the larger revolve on a plane; in 
the ſame time that it deſcribes, on that plane, a ſpace equal 


to its circumference, the ſmaller wheel likewiſe, if it be ſup- 


poſed to be touched by another 28 will, in one revolu- 
dan, deſcribe the ſame ſpace. | Sotho | 

In anſwer to this difficulty, which was firſt remarked by 
Ariſtotle, we » to obſerve, that the circular motion of the 


| wheel! is cauſed by the reſiſtance of the plane, on which it 


moves. Now this reſiſtance is equal to the force with which 
the wheel is drawn forward in a right line : ſince it deſtroys 
the motion which the point of the wheel, that touches the 
plane, ought to have in that direction. The cauſes of theſe 
two motions, one direct, the other circular, are therefore 


equal, and conſequently their effects ; ; hence the wheel de- 


ſeribes, on the plane, a right line equal to the circumference. 


With reſpect to the ef dee on the ſame axis, it is drawn 
- | directly 
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directiy forward, with the ſame force with which the large 
wheel is drawn; but ſince the circumferences of the two 
wheels revolve in the ſame time, the circular motian of any 
point in the periphery of the leſs wheel, muſt be leſs than 
chat of che greater; therefore fince this point neceſſarily de- 
ſcribes a right line equal to the circumference of the greater 
wheel, it follows, that it muſt do ſo partly by fliding for- 
| ward, and partly by revolving. If the ſmaller wheel were 
to revolre on the plane, and carry the larger with it, which 
at the ſame time ſhould be touched by an imaginary plane, 
the larger x wheel would deſcribe, on that imaginary plane, 
2 right line equal to the circumference of the leſs wheel, 
partly by revolying, and partly by fliding backward. | 
es Motion is twofold, Abſolute and Relative. 
The motion of a body i is Abſolute, when the immedi ate 
cauſe of che change of its diſtanee, with reſpeCt to other bo- 
dies, i is in the body: it is Relative, when the cauſe of the 
for? is in other bodies, 3 | 
. Abſolute and relative motions are diſtinguiſh 


ſi by their cauſes and effects. 

The cauſes by which they are diſtinguiſhed are the POOL 
| impreſſed on the bodies to generate motion. Now iſt. Ab- 
| ſolute motion is neither generated nor altered except by 
forces impreſſed on the body moved; but relative motion 
may be generated or altered without any forces impreſſed 
on the body; for it is ſufficient that ſome force be impreſſed 
on other bodies, to which it is referred, that by their giving 
way the relation may be changed. aly.' Abſolute motion 

| always ſuffers ſome change from forces impreſſed on the bo- 
dy moved; but relative motion is not neceſſarily changed by 
5 II ; . ſuch 
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ſuch forces. The effects by which Abſolute and Relative 
motions are diſtinguiſhed from each other, are che forces of 

receding from the axis of motion. 

9. Time is the order of things which exiſt i in 

ſucceſſion. 

7... Js greater or leſs according to the number of like ſtates 
interpoſed between any two given things or ſtates thus ſuc- 


— 


ceſſively exiſting. It is not therefore any thing 1 ex- 


iſting, but is a mere abſtract idea of relation. 
10. Time is twofold, Abſolute and Relative. 


| Abſolute time, or time in the abſtract , Is the order of | 


things which donot ſueceed, nor have actually ſueceeded each 
other, but which may be conceived as poſhbly ſo ſucceed- 
ing : Relative time is the order of things actually ſucceed- 
ing each other ; 3 and this is what we call Duration. Hence 
We may obſerve, that duration iS to time, what extenſion 
13 to ſpace; for as extenſion is ſpace within which co-exiſt- 


ing things are actually interpoſed; ſo duration is time | 
within which ſucceſſive ſtates have been actually inter= 


Ft. 
11. Any finite pace is acid e in time. 


4 12. Velocity i is that affection of the motion o of * 


body, by which it e a certain Res in a Cer- 


tain time, : 


* 


5 I TP Thoſe 8 ons are ae meaſura- 
: ble which conſiſt of parts. 


An arbitrary meaſure is aſſigned to . which are 


| eſtimated by Water by referring them to ſome meaſurahle 
03 i +00 . 
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quantity to which they are related; thus the meaſure of 
wine is the ſpace deſcribed by a body in a given times” 

14. When a body moves with a uniform velocity, | 
the ſpace Sele 15 Fee to eu time of 
its motion, | pars 
15. When bodies move with different uniform 
velocities, the ſpaces deſcribed are Proportional to 
the times and velocities jointly. | 

Let and v be the velocities of two bodies A and B; 
T the times of their motion ; $ and s the ſpaces deſcrib- 
ed; alſo let 8 be the ſpace deſcribed by Bin the time ; 
* „ d and bee: 1 75 W FEES ©. 

See Wood's Mechanics. 0 | | 
i 165 If the motion of a body be accelerated 75 : 
— retarded, the męaſure of the velocity at any point. 
is the ſpace which would have been deſcribed, in a 
given time, if the motion had continued uniform 
from that point. | 
17. The meaſure of motion is the 29988 of the 
quantity of matter and velocity, „ 
5 5 Whatever changes, or tends to change che ; 
Aate of reſt, or uniform rectilineal motion of a 
body is called force. 

Thus preſſure, impact, gravity, clefticity, a are 
IR. When a force produces its effet inſtantancouſly, 
it is ſaid to be e ; when it oY THI it is con- 
ſtant, OY | wn 

7 ata 


= nene, .. 


Conſtant forees are of two- kinds, 31 and variable: 
an uniform force always produces equal effects, a variable 
force unequal effects, in equal ſucceſſiye portions of time. 

19. Forces are meaſured by the effects, which ory 
produce under the ſame circumſtances. 5 

Thus impulſive forces are meaſured by the whole effects - 
produced ; uniform forces, by the effects produced in equal 
times; and variable forces, by the effects which would be 
produced in equal times, were (hey. to become and conti= 
nue uniform for thoſe times, 

20. The effects produced by the actions & forces 
are of two kinds, velocity and motion. 5 
Force generating velocity i is called a Acodlerting force ; 5 


generating motion, the moving for „ 
n he accelerating” force is esel by the 
| velocity uniformly generated in a given time, 
without ay "OT. to the” e * er 
moved. 
22. The moving farce i is meaſured ti the quan- 
; tity: of motion wy: ee LS 2 1 
K 
23. The h foros varies as the accelerat- 


nung force and the quantity of matter jointly. 


24. The accelerating force varies as the mov- 

ing force directly. and Ty 8 bed matter in- 
verlely. 5 

. The general laws IX FE TN are three: 3 mM. 

5 Free, 8 . in its ſtate of reſt, or uni · 

form 
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form motion in a right line, until a change is effe&t- 
ed by ſome external cauſe. 2d. Every motion and 
change of motion is proportional to, and in the di- 
rection of the force impreſſed. 1 any and Re- 
action are equal and contrary. 1 BEETLE 08 
286. The laws of motion are 5 bi . 
ments, iſt. which relate directly and immediately 
to the laws themſelves ; or 24y. which reſpect the 
conſequences; which would reſult; from theſe. ms 
VOY true: F i E 
27. Though all motions hich fall W abs” 
cogniſance of our ſenſes gradually decay, yet this 
does not affect the truth of the firſt law, becauſe 
we can, in all caſes, 1 the external 1 
that decay. 5 i 
28. The 3 law of motion is not an identical 
propoſition; ; 1, Becauſe the direction of the force 
impreſſed is the right line, in which the impelling 
body is moving at the inſtant of impact; or in 
' which the prefling body would move, were there 
no obſtacle to prevent it. 24. Becauſe the pro- 
portion of two forces may, in many caſes, be aſ- 
certained, ER of the motion 1 by 
them. | 


In comparing the 1 a in the motion at bo- 
So according to the ſecond —.— the times of 1 ſuch 


| Magee are Inppoled equal... [ 
= 5 
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29. In eſtimating the elfect of any Gi we are 


to conſider, 14. Whether. the whole force, or only | 
a part of it be really efficient. au. The directi- | 
on in which the force acts. | 
30. The Third law of motion ſignifies, that there 
are equal changes made in the motions and ſtate 
of bodies by their mutual actions, _ in contra- 
ry directions. x 
31. The Firſt law of motion has reſpe&t to the 
continuance of motion in bodies, without any al- 
teration of the motion, except ſo far as ſubſequent 
cauſes operate; the Second aſſigns the quantity and 
nature of ſuch alterations; and the Third has re- 
gard to the mutual circumſtances of the patient 
which ſuffers alteration from any cauſe, and 5 the 
agent producing the alteration. 7 
32. Since the changes made in the motions of 90 
any two bodies which act upon each other are 
equal and in contrary directions, it follows that 
the quantity of motion, eſtimated in the ſame di- 
rection, is not DRY by the mutual cy of the 
bodies. ä 
33. The laws of motion relate immediately to 
the actions of bodies in free ſpace. | 
When bodies move on fixed axes, the energy of the | 


5 moving force and reſiſtance of the body moved will depend ' 
on the diſtance from the axis; in theſe caſes, the inertia 
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of the parts of the ſyſtem, by which they reſiſt motion, 
muſt firſt be calculated, and a maſs, whoſe inertia is equi- | 
valent to it, muſt be ſubſtituted for the given ſyſtem; and 
the quantity of the moving force, when moving with the 
ſame velocity with the matter moved, is likewiſe to be com- 
puted. The moving force and maſs moved being thus aſ- 
certained, the reſulting motions may be calculated; and it 
appears, that in rotatory motions on fixed axes, Or on 
moveable axes in free ſpace, as well as in direct rectilineal 
motions, action is always equal to reaction, and the quan- 
tity of motion permanent. | 
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F: 1 E inertia of bodies is that property, by 
which they continue in their ſtate of reſt or uni- 
form rectilineal OY + until acted on by ſome ex- 
ternal cauſe. | 

This property is improperly called a force. 1ſt. Becauſe 
were it actually ſuch, it muſt be of ſome definite quantity 5 
in a given body; and therefore an impreſſed force leſs than 
that would not move the body; whereas any impreſſed 
force, however ſmall, whether impulſive or conſtant, will 
move any body however, great. 2dly. It is improper, be- 

' cauſe it ſeems to Indicate an active er reſident in mat- 


4 


ter. 

2. Bodies by their inertia, when at reſt, reſiſt 
the impulſe of any force tending to ſet them in 
motion; and when in motion, reſiſt the impulſe of 


any force tending to 9 or diminiſh their mo- 
tion. | 


Since 
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Since in the ſame given circumſtances, equal . | 
of matter are found to reſiſt equally, we ſay that the in- 
ertia is proportional to the quantity of matter. 

3. To eſtimate the motion of bodies, their i in- 
ertia muſt be conſidered ; whereas the equilibrium 
produced by the action of any forces depends only 
on the quantities and directions of the forces, withe 
out any regard to inertia. 

. continuation of motion does not ae 
conſtant action. 1 BT 

it, While a pendulum deſcends from reſt, two forces act 
upon it, gravity and the reaction of the point of ſuſpenſion; 
after the body has attained the loweſt point, we find that it 
aſcends nearly to the ſame height, from which it fell ; but 
this cannot be effected by the two forces, which act on it after | 
it has left the loweſt point, for they would cauſe a deſcent 
of the body; it aſcends therefore in conſequence of- the 
forces, which had continued to act upon it during its de- 
ſcent ; and which, from the loweſt point, not only ceaſe 
to urge the body forward, but even endeavour to moye 
it backwards. 24y, Experiment ſhews that continued 
action produces accelerated motion; therefore uniform 
motion muſt be the conſequence of a force which is not 
- conſtant, that is, of a _—_ IO which has ceaſed to 
| 2 

4 The da of matter does not cient ſole- 
5 on its _ | 
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For if two bodies of equal weight, be connected by a firing 
which paſſes over the groove of a wheel, whoſe axle turns 
on friction wheels, they may be conſidered as deſtitute 
of gravity with reſpect to any force tending to move them 
in a vertical direction; yet it is found, by experiment, 
that, in this caſe, they do reſiſt; and that the reſiſtance 
15 proportional to the quantity of matte. | | 

6. The three laws of motion are reducible to 
the inertneſs of matter. 1 

This inertia however is not a principle antecedently 
known, from which thoſe laws may be derived; but we 
firſt learn the truth of the laws, by experiment; and then 
find them reducible to this one principle. 

7. From the inert neſs of matter, the exiſtence of 
an interſtitial vacuum may be demonſtrated. 

The celeſtial ſpaces muſt be either vacant, or filled with 
2 very attenuated and ſubtile medium; for this medium, whe- 
ther it be the cauſe of gravity or not, muſt be inert, and 
therefore diminiſh the motion of any body moving through 
it; but ſince the motions of the planets are inſenſibly reſiſt- 
ed, the denſity of the medium muſt be inſenſible; that is, 
its vaeuities mut be 28 . with reſpect to its folid 
matter. 

8. If a body be acted on Wy two forces, which 
would ſeparately cauſe it to deſcribe the adjacent 
ſides of a parallelogram, with an uniform motion, it 
will, by their joint action, deſcribe the diagonal in 
the ſame time, in 1 which 1 it would have deſcribed 
: either 
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either ſide, had the imprelledd forces el ſeparately: 
and the motion in the diagonal will be uniform. 
This is called the Compoſition of motion: and in the 
ſame manner as the compounded action of two forces may 
be repreſented by one right line, which is the diagonal of a 
parallelogram, ſo the aCtion of a ſingle force, expreſſed by 
one right line, may be reſolved into the actions of two other 
forces, repreſented by the contiguous ſides of a parallelo- 
gram, of which the given line is the diagonal. | 
9. If two ſides of a triangle, taken in order, re- 
preſent the - ſpaces which a body would uniformly 
deſcribe, in a given time, by two forces acting ſepa- 
rately; when theſe forces act conjointly, the body | 
will deſcribe the third ſide man: in the ſame 
time. ä 


10. If the ſides of 255 y polygon bike in order, 
except the laſt, repreſent the ſpace which a body 


would uniformly deſcribe, in a given time, by as 


many different forces acting ſeparately, when theſe 
forces act conjointly, the body will deſcribe the laſt 
ſide uniformly, in the ſame time. 

11. If a body be acted on by two ſimilar variable 
forces, whoſe directions and magnitude are expreſſ- 
ed by the adjacent ſides of a parallelogram, concur- 
ring in the body, it will deſeribe the diagonal of the 
parallelogram. _ 

Fig. 1. Let the forces act by EET at the beginning of 
equal particles of time, and let BD, DE, EF, and BG, GH, 

| HI 


{ 
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EFI be the relative n of correſponding impulſes. By 
| the action of the two firſt impulſes, the body will deſcribe 
the diagonal BK; and by the two next, the diagonal KL; 
but ſince the forces are ſimilar, the parallelograms DG, NV 
are fimilar, and therefore they exiſt about the ſame diagonal 
BM. Let now the particles of time be evaneſcent, and the 


forces inceſſant, and the ſame demonſtration will obtain. | 
. If the forces be conſtant, the ae in the 
diagonal will be uniformly accelerated. 

13. Every body which moves in a curve line, 
is acted upon, at leaſt, by two diſſimilar forces, 

14. If a body be acted on by three forces, repre- 
| ſented i in quantity and dired ion by the three ſides of 
a triangle, the body thus acted on will continue at 
reſt. 5 1 8 
16. If a body be acted on by any number of for- 
ces, repreſented in quantity and direction by the 
ſides of a polygon, the body thus acted on will 
continue at reſt. 
16. K body be acted o on © by four oo in dif- 
ferent planes, and remain at reſt, thoſe forces are to 


each other as the three fides and diagonal of a pa- 


rallelopiped, parallel to their directions reſpectively. 
In general, if a body be acted on by any number of forces 
in n the ſame or different planes, they may always be reduced 
to two in the ſame plane; and conſequently : a | ſingle force 
= be 2 2 25 2 to them all. ; 


11 
® + ror * 
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15. If three ſimilar variable forces, acting on 4 
body, be to each other as the ſides of a triangle, pa- 
rallel or perpendicular to their ee the vol: . 
will continue at reſt. at 
cb. Yf the motion of 4 body, i in any drrectiön, be 

repreſented by a given line, its motion in any other | 
direction will be found, by reſolving the given mo- 
tion into two, one of which ſhall be perpendicular, 
and the other parallel to the direction in which the 
motion is required... .... 

19. In the reſolution of forces, the whole quan- 
tity of force is increaſed ; i in ee dimi- 
niſhed. FS fag | 
20. The effects of 3 when eſtiranted in gi- 
ven directions, are not altered by compoſition. or 
reſolution. : 5 
21. The relative motions of bodies are the s if: 
ferences of their abſolute motions. 9 

22. If the eye of a ſpectator move, the apparent 
motion of a fixed point is the ſame as if the eye 
were fixed, and the motion of the Point were 88775 5 
and contrary to that of the ẽ ee. 

Fig. a. Let e, E be any two contiguous poſitions of the 4 
which bein, g conſidered as quieſcent at 8, the cotemporary 

poſitions of the fixed point P will be 0, O, ſuppoſing 8e, 80 

reſpectively parallel and equal to P, EP. And becauſe 
1 1 and , and . contained n, are alſo 

| | equal, 


— 
— 


— — = 
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cmual, the line Oo will be equal to E, and they will make 
_ equal angles with the diſtances, | he | 


+23» The relative motion of a moving point, as 
ſeen from another which is alſo moved, is com- 
pounded of the real motion of the firſt point, and 


of a motion equal and contrary to that of the eye. 


Fig. 3. Let the point move from Bto L, while the eye moves 
from 4 to M, if the point were quieſcent at B, its appa- 
rent motion would be the ſame as if the eye were quieſ- 
cent, and the point had a real motion in a contrary direc- 
tion along BE, equal and parallel to AM ; therefore when 
the point alſo really moves along BL, the apparent motion 
will be the ſame, as if its motion were compounded of 


two real motions in the right lines BE, BL, it will there- 


fore appear to move along the e BN of — paralle- 


5 logram LBEN. 


24. The apparent motions of the points, as ſeen 
from each other, are equal and ſimilar. 
25. If their real motions be ſimilar and oppo- 


ſite, their apparent motions are- fimilar to their real 
motions. e ee 8 


26. If equal motions in pa a k 1 8 be 


compounded with each of the real motions of 
a number of moving points, the e rn motions 
5 Leg thoſe points are not changed. BO 


Hence if the ſpace in which thoſe motions . 


and to which they are always referred, be moved Wy * 


e the relative motions will riot be changed. 


5 LECTURE. 
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PrncumON: is the hi or POE Ef” 
baker which meeting alter each others motion. | 
"OT he” force of percuſſion. is the ſanie as the momentum 
or quantity of motion, and is meaſured by the product 
ariſing from the maſs moved, multiplied by the velocity 5 
5 and that without any regard to the time, or duration of the 
5 action; 35 for the action is conſidered, totally independent of 
time, or as but for an inſtant, or an infinitely little time. 
2. Percuſſion and Preſſure are heterogeneous for- 
| ces, and do not admit of compariſon. _ 
Let N denote any quantity of matter, having n no mo- 
tion or velocity, but ſimply preſſure; then will that preſ· g 
| fure be denoted by MM itſelf; but its velocity being no- 
thing, its percuſſtve force will be o M, that is, nothing; 
and is therefore leſs than the ſmalleſt percuſſive force what- 
ſoever, It is- rue, that we ſee motion enen by mere 
| TR „ 5 : JO | 


8 


e to beben which the e of a finite per- | 
cuſlive force will be required 3 but then it muſt be obſerved, 
that the former has been an infinitely longer time than the lat- 
ter in producing its effect. Hence it appears, that theſe two 
forces are related to each other, only as a ſurface is to a ſolid: 
by the motion of a ſurface through an infinite number of 
þ points, a ſolid is generated; and by the action of preſſure for ; 
an infinite number of moments, a quantity equal to a given 
: percuſlive force is generated. See Hutton's 7 8 Dick. 
Art. Percuſſion. GE 
It is to be remarked waves: that i in fact, motion can 
only be communicated by inſtantaneous impact, in | the caſe 
of perfectly hard and inflexible bodies. | 
3. If a non-elaſtic body impinge directly 41 an- 
other non-elaftic body that is at reſt, or moving the 
fame way with leſs velocity, the ſum of the mo- 
mentums will be the ſame before 10 Lakes the im- 
Fl oy 5 $243 REFS THER 
4. When two en bodies impinge I 
on each other with contrary motions, the ſum of 
the momentums after the wo porn is el to their | 
difference before por rk 
5. If two non-elaſtic bodies 4 and B move in 
the ſame right line, with the velocities x and Ys and 


5 firike each other, their common velocity 5 after 


"impac will ur. „ where the en 25 muſt be 


taken 
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taken when the bodies move in the ſame dire&ion, | 
INES — when in oppoſite directions. 
6, If A HOKE B at reſt, - the 2895 after impat 


a mT N 
AFB. 5 i 


7. In the direct impact of two deln ws: 
5 dies A and B, eſtimating the effects in the direc-. 
| "om" of _ mofion, the nes, gained by B will 


8 5 a Kay relative velocity; and the velocity loſt 
_B_ = 
by 4 ; relative velocity, ace din as he 
b move in the ſame or oiblite directions. 
For the relative velocity, in the former caſe, is x—y 


— v the common. velocity | is = = ß 3 therefore the | 


Cody ar te, 3 {OY Ax+By - <a 
E. 1 5 _— 


= 576 Xe: in the fame x manner rſs computed the Vee. 
| Jocity loft by 4. ü] Ä 
: Whilſt: the relative REI remaing the ſame, the velo= 
- cities gained by B and loſt by A remain the fame, _ : 
The velocities gained by B and loſt by 4 are the ſame, 
whether both bodies be in motion, or A impinge on B at 

_ reſt, with a velocity equal 05 — rel ative . 75 the Io 
former 585 
8. In the colliſions of elaſtic bodies, the 5 ; 

1 5 f „ cities 


50 


8 hence 4 = B q—y 


and Ae Ey Ap l. hy- 
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cities loſt = 4 104 gained by B will be twice ins 


; great, as if the bodies were non-elaſtic. 


9. In the collifions of elaſtic bodies, the as 


| ference of their velocities before and after impact 
remains the ſame. 


Let e = the velocity after iwpack, when the bodies are 


non-elaſtic and move the ſame. way; z then, when elaſtic, 


A's velocity after impact will be x — the yelocity loſt by 
A=x—2x—c = 2c — x3 and Fs velocity al after impact 
= 5 the. velocity gained by B= 2 2-53 
therefore the difference of velocities after impact = x—y. | 
In the ſame manner it is proved, when they move in 
contrary directions, that the difference of velocities after 


n = K 


10. The ſums of the bete & the bodies into 
the ſquares of their reſpective velocities, before 


and after impact, are equal. : 
Let þ and C be the velocities of A and B Her 258. 


then, when the bodies move in the ſame direction, by the | 
3 ud. law of motion, Ax+By = — + B93 alſo Cote Fe = 923 


VE = u Py; 
Wear 8 Fe 7 TT J 5 


In the ſame mannner it is prone wen they n move in 
contrary directions. | | Ds 
This equality between the from of © HA A of the ; 
bodies into the ſquares of their reſpectiye velocities before 
and after impact, was denominated by Bernouilli Conſerva- 


tio Virium Vivarum, — was 8 as a general law: 


; but 


I. 5 . urenanicst : * 


_ but it holds only in the caſe of elaſtic bodies, e 


„ 


5 24 


ſequence deducible from. the 3rd. general law of motion, 


according. to the Newtonian meaſure of motion, TR 
3 In the colliſions of two elaſtic bodies 4 and 
B,. the velocities gained by B and loſt by 4 will be 
A+ r and = 1 X * x T reſpe&tively,accord- 
ing as they move.in the fame or contrary directions. 
12. When 4 B, the Homes A; velo- 


For in this caſe, A+B= 22 4 2 2 : B; therefore PR velo- 
cities gained by B, and loſt by 4, are e . to 


the relative velocity before impact. 
If the bodies move in oppoſite direQtions, each will be re- 


flected, having exchanged velocities. 


13. If A ſtrike B at reſt, or Do, B's 1 after 

2 AL 2 Br. 

impack will be Fay and FE will be * — 6252 

Au—Bx . | 

AS; oe 9 5 
If 48 A will be at reſt after the ſtroke ; TE, B wil t 
move with the velocity- which 4 had before mpy.-— 
If A ftrike an immoveable obſtacle, that is, if B be in- 
finite, and y=o, As velocity after impact will be =— * or 


4 will be reflected back with the ſame velocity. 


14. If, there be any number of equal bach 
lying i in the fame right line, and the firſt ſtrike the 


: ts all Oe bodies will reſt except the laſt, which D 


will i 


> , 
. " 
— 4 
wo 4 4 

2 Bo. 

7 pdt 

* 
0 


4 


quantity. 


EF 


| city of A be called 45 che relocity of C= 
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will en off en the hs, of _ ww before im- 


pact. 
13 Ik the ecke Ack eaſs in n magnitude, exch 


will 80 forward after the ſtroke. 


An—Bx 


"AF. will be a poſitive 


For ſince ny is + greater than B. = 


16, If they hd; in nlnſhitinde; euch will be re- 


fledted back, except the laſt, and the quantity” of 


motion will continually increaſe. = 


Ax—Bx 
For finoe 4 is leſs than , FF” 
2 Ax | 


5, will be greater han. | 5 | 15 


. ** + negative; ; 


/ 


17. The increaſe will be a maximum, when the 


| bodies increaſe in Geometrical progreſſion. 


Let A and Che two given bodies, between which is in- 
ſented the body ff of intermediate magnitude: 3 if the velo- 
2 Aa „ ; 


* 


4 n maximum z 5 the numerator is given, = 
_ this br will be greateſt, , when the denomina- 


W is leaſt that is, when Lex is leaſt, becauſe 4 and c 


| are conſtant now y the retngle Tine given quan- 


C 


tity, being equal to AC; ; therefore the fum of Tur is 


leaſt, when they are equal, that Sending = "and AC=X*; 
that is, when A is a mean ee between A and C. 
| 1 18, If 
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fp: If the 3 of mean proportionals interpoſ- 
. between two given bodies A and X, be increaſed 
without limit, the ratio of {£5 velocity tothe velocity 
thus communicated to X will , to the 
ratio of VX X to VT as its limit. e | 
Let 4. B, C, D. . X be the bodies; a, l, e, d. „ 
the velocities communicated to them. Then ſince the 
number of bodies is inorcaſed without limit, their differences 
wil be diminiſhed without limit : let 4+ 2 = By then 

| 24 24 2 4 

. 3 142 5 
dut 4 IIa : 4: VA: CERES Va, 


therefore VE : v4 _ a 10 iz 
in . ſame manner, VT : SE: b: c &. 0 


therefore, componendo, IA: 4 *. See Parkin- 5 
ork Mechanics, p. 181. ' | 5 
19. If the bodies be imperfeatly elaſtic, 3 met 
as the force with which they are compreſſed toge- 
ther, till they acquire a common velocity, to the 
force with which they ſeparate, or as perfect elaſti- 
city to the imperfect elaſticity of the given bodies; 

then if they: move in the fame direction, 4's velo- 
en ae imput ill be gr Eg. 
| By, vil ate LESS, 11 they move . 


| con trary® 


64% 
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contrary inpotticis;” the Fgns of the derm where | 
. enters, muſt be changed. e 
For if the bodies were e ae loft by red 


by A would 1 751 an 2} 


13 nes By — en | 
7 — . 8885 ſu or "4 


4 


will be the whole wee loft; 3 TW 0 
Bx By 
A- 
3 


; and the velocity loft Ty. elaſticity 


= be he velit of 4 after -a: SY 5 E 


Hence, if A firike B at en, and be equal to it, B's ve. 


locity after impact e K* 3 and 5 wn valor : | 
5 B's after : * — : 2m : e : chord a deſerib- 
ed by A: chord 6 deſcribed by B; hence : 1 21 a th + 
La; and therefore by meaſuring theſe chords, as ratio of ö 


m to n, or the degree of elaſticity of the ehe, may be de- 


termined, e wn Ws PPE ATION a 
„„ * 2 [STA Þ 21 


20. In the impact 1 7 35 time in which 
velocity is communicated from one to another is 
V . 

At the firſt as 6 the e body f 38 will var to move 
with a velocity. leſs than that of the impinging body, the 
velocity of which will decreaſe, and that of the other will 
| increaſe „ AS long as the impact cauſes 2 change i in the fi- 


555 gure of the 1 two | bodiesz that is, till they ſhall have ae- 


__ 
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8 a common velocity; at which inſtant all accelerati- 
on ceaſes, if the bodies be not elaſtic. But if they be elaſ- 
tic, a new acceleration will then begin, ariſing from the 
foree with which they recover their figure. 7 
21. The motion of bodies is not cauſed by an 
immaterial, active fluid, which being incorporated. 
with bodies, carries them along with it, in the 
direction i in which it moves. 
22. The. Newtonian meaſure of motion bands 
4 general law in all caſes of colliſion, that the mo- 
tions loſt and communicated are equal; the Leib- 
nitzian meaſure does not. | 
It has been denied by ſome authors, that in the colli- 
ions of bodies the ſame quantity of motion remains after 
the ſtroke, as before itz which 1 is certainly true with reſpect 
to abſolute motion for if equal non-elaſtic bodies meet 
with equal velocities, their abſolute motions after the ſtroke 
will be nothing: alſo if in a ſeries of elaſtic bodies increaſ- 
ing in magnitude, motion be communicated from the firſt 
| to the whole ſeries, they will all go back after the impact, 
except the laſt which will go forward, and the quantity of 
motion will continually increaſe; ſo that abſolute motion 
may be either entirely deſtroyed, or increaſed ad infinitum. 
But in relative motion, ſince matter poſſeſſes not in itſelf a 
power of creating or deftroying motion, it follows, that as 
much as is gained by the body ſtruck, will be loſt by the 
other body; ſo that the quantity of motion, eſtimated in 
the ſame direction, will be the ſame before and after impact, 
eſtimating that as negative which is in a contrary direction. 


' 4 ; 
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23. If a perfectly hard and ſmooth body impinge 
obliquely on another, the force muſt be reſolved 
into two, one parallel and the other perpendicular 
to the plane which touches both bodies at the point 
of contact; the lateral force will have no effect 
whatever on the motion of the body ſtruck, which | 
will be impelled by the perpendicular force only. 
If the ſurfaces penetrate a little, or {lightly adhere at the 
point of contact, the perpendicular force will impell the 
body ſtruck, and at the ſame time the lateral force will 
contribute to generate a PO motion round the centre 
of gravity. 
24. When a 1 hard. 5 impinges ob · 
liquely on a perfectly hard and immoveable plane, 
after impact it will move along the plane; and the 
velocity before impact will be to its velocity after, as 
radius to the coſine of the angle which the direction | 
of the impact makes with the plane. 
25. The velocity before impact is to the velo- 


city which is loſt, as radius to the verſed ſine of i 
the ſame angle. > | 


For the difference between mk and the alias of an 
angle i is equal to the yerſed ſine of the ſame angle, © 
26. If a perfectly elaſtic body 1 impinge on a per- 
fectly hard or elaſtic immoveable plane, it will be 
reflected in an angle equal to the angle of incidence. 


The velocity after reflection is _ to the PR be- 
fore. 


29. If 
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27. If two bodies, which are non-elaſtic, impinge 
on each other obliquely, after impact they will de- 
ſcribe the diagonal of a rectangular parallelogram, 
one of whoſe ſides, in the plane which touches 
both bodies in the point of impact, expreſſes the 
ſum of their motions in a direction parallel to that 
plane, and the other their difference in a direction 
perpendicular to it. „ 5 

28. If the bodies be elaſtic, they will be refle&- 
ed; and each will deſcribe the diagonal of a rectan- 
gular parallelogram, one of whoſe ſides, in the com- 
mon contingent plane, expreſſes the velocity which 
it had before impact, in a direction parallel to that 
plane, and the other the velocity in a direction 
perpendicular to it, which ariſes from the direct 
colliſion of the bodies, in that ſame perpendicular 
direction. — 
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3 15 A REPULSIVE force exiſts between the par- 
ticles of elaſtic fluids, and alſo of ſolids. 
If diluted vitriolie acid be poured on pounded marble, 
à conſiderable quantity of an elaſtic fluid will be extricated, 
called fixed air; now the exiſtence of an elaſtic fluid proves, 
that the particles endeavour to recede from each other by 
a repulſive force. The repulſive force between the particles 
of ſolids appears from this, that bodies of no great weight 
lying upon one another, are not in actual contact, 1ſt. Be- 
cauſe if an electric ſhock be tranſmitted through them, the 
ſpark will be viſible between them. 2dly. Becauſe, when 
pieces of metal lie freely on each other, the fuſion of the 
parts through which the electric ſhock paſſes, when it en- 
ters the body or paſſes out of it, is diſcovered; but no fu- 


fon is perceived, when the pieces of metal are preſſed t to- 
Os by a ſufficient 7 | 


£4 4AY An 
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2. An attractive force ſubſiſts between the par- 
ticles of non-elaſtic fluids. ME 

1, If two globules of quickſilver or water, lying on 2 
ſmooth plane, be brought to touch, they immediately ruſh 
together, and form one drop. 24y. Small portions of theſe 
fluids aſſume a ſpherical figure. 

3. An attractive force en between the par- 
ticles of ſolids. | 
On this principle is explained the coheſion of bodies, by 

which their parts are connected together. When you break 

A body, you only overcome this attraction 3 and could you 
join the parts exactly in the ſame manner, it would be as 
ſtrong, as it was before. The ſoldering or glueing of bo- 
dies is only the bringing of the conſtituent particles ſo near 
. that the attraction of coheſion may take place. 55 
4. The attraction of coheſion is not cauſed either 
by reſt, which was the opinion of Des Cartes; or 
by the preſſure of the air, winch was the Opn 
of Bernouilli. 7 | 

The preſſure of the air on a circle of an zach diameter 
IS I 1,78 pounds; and on a circle of half an inch diameter 
is leſs than three pounds; but the force requiſite to ſeparate 
two circles of lead of even leſs diameter, brought into cloſe 
contact, is ſeveral times greater. 

5 The attraction of coheſion is exerted between 
ſolids and fluids, with various intenſity. 


Thus water and quickſilver are attracted by glaſs; and 
the particles of water are more ſtrongly attracted by glaſs 


than 
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chan by each other, but the particles of quickſilver attract 
each other more ſtrongly than they are attracted by glaſs. | 
RE T he attraction of coheſion is proportional, 
cxteris paribus, to tlie ſurfaces in contact. 

If a drop of oil be placed between two glaſs planes form- 
ing a ſmall angle, their concourſe being parallel to the ho- 
rizon, at different diſtances of the drop from the concourſe, 

the planes muſt be elevated to different heights to produce 
its quieſcence. Now ſince the attractive accelerating forces 
of the planes prevent the aſcent of the drop, they are equal wo 
the accelerating forces of the drop on the plane; but theſe 
forces are as the heights of the plane, which by meaſurement 
are found to be inverſely as the ſquares of the diſtances. of 
the drop from the concourſe. But the drop ſpreads over 
ſpaces inverſely as the diſtances from the concourſe ;. there- 
fore the forces, by which the particles of oil, in contact with 
equal portions of the plane, are accelerated, are inverſely as 
the diſtances from the concourſe; now the abſolute attract- 
ing forces are as the accelerating forces and quantities of mat- | 
ter conjointly; but the quantities of matter are inverſely as 
the accelerating forces; therefore the abſolute forces of 
equal ſurfaces in contact are equal. 

7. If two parallel glaſs planes be immerſed | per- 
pendicularly in water, it will riſe between them 
above the level of the external water. 

This elevation of the water is cauſed by the attraction 
of the glaſs on a threefold account; ; I, The action of the 
glaſs upon the water immediately below the planes, which 
diminiſhes its gravity 3 whence it is preſſed upwards by 
_ the 
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the collateral columns of water, which are beyond the 
| ſphere of activity of the glaſs. adiy. The attraction of the 
loweſt films of glaſs, exerted on the water which lies be- 
tween them. g3dly. The attraCtion of the films of glaſs 
which are exſtant above the ſurface of the water ; the alti- 
tude of theſe acting films being always equal to the ſpace - 
through which the attraction of glaſs on water extends. 

8. If two glaſs planes forming an angle, be im- 
merſed perpendicularly in water, the ſurface of the 
water which riſes between them will form a regular 
curve, the height of the water being always reci- 
procally as its diſtance from the concourſe of the 
planes. 

This curve is the cence) hyperbola, whoſe aſſymptotes 
are the concourſe of the planes, and a line on the horizon- 
tal level of the water, which biſects the angle of the planes. 

9. If a capillary tube be immerſed perpendicular- 
ly in water, the water will riſe in the tube, and Rand 
above the level of the ambient fluid in the veſſel. _ 

| This afcent is accounted for in the ſame manner as be- 
tween parallel glaſs planes. 

10. The aſcent of water in JO tubes is 
neither cauſed by the attraction of the whole inte- 
rior ſurface of the tube, nor by the Pee of the 

air, 1 | | | 

11. The aſcent of water 10 capillary tubes is cauſ- 
ed by the action of the loweſt glaſs annulus of the 
| tube. | a 
Because 


* 
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1, Becauſe that. is the only annulus whoſe force in raiſ- 
ing the water is not counteracted by another annulus below 
it, drawing the water downwards. 2dly. If the water were 
ſuſpended by the annulus contiguous to the upper ſurface. 
5 che water, the water below the ſphere of its action muſt 
be ſuſtained either by the coheſive force of the water, or 
by the preſſure of the air; but the coheſive force of the | 
water is inadequate to this effect; and it does not depend 
on the preſſure of the air, becauſe the e ſucceeds 
equally well in vacuo. - > 

12. If a tube be compoſed of two capillary tubes 
of different diameters, the water will be ſuſpended 
to the ſame height, whether the wide or narrow 
end be immerſed in the water; provided that when 
the narrow tube is immerſed, the water be above 
the juncture; but when the wider! is immerſed, it 
be below it. 425 FE 

For the narrow tube being completely full, the equal an- 
nuli, at each extremity, attract the intermediate column 
of water; with equal forces, in contrary directions, and 
therefore deſtroy each others effects; the wide annnulus 

therefore, at the juncture, produces its effect undiſturbed, 
and ſuſtains a column whoſe magnitude 18 Proportional to 
its diameter. . 

13. If when the 8 tube 18 immerſed, the wa- 
ter be permitted to riſe to the- narrower, it will be 
ſuſpended at the ſame height, as if the tube were 
continued of the {ame bore with the narrower. 55 


This 
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This phænomenon depends on the Ene of the air, for 


* 


It does not ſucceed in vacuo. 

14. The height of the water in different 4 
lary tubes is reciprocally as_ the diameter of the 
tube. e 

Let G denote the fines with which glaſs attracts water, 
and F the force with which water attracts itſelf, then G- 
will denote the force, with which the water is elevated 
by the action of the lower annulus on the fluid juſt be- 
low the orifice of the tube. Likewiſe G—# will denote 
the force with which the water within the tube, and in 
contact with the lower annulus, is elevated; and 2 G—2 F 
will denote the whole force, by which it is elevated on both 
theſe accounts together, But Fis the force, by which it is 
raiſed by the action of the annulus, which is extant above 
the ſurface of the water; therefore 2 GF will expreſs the 
entire force, with which water is raiſed in a VER tube 
of glaſs. 

Hence the fluid will always riſe in a 8 tube, if the 
atfraction which ſubſiſts between it and the fluid, be greater 
| than half the force which ſubſiſts eee the particles of 
the fluid themſelves. 

If & and F be nearly equal, wht may be their mag 
nitude, the height of the fluid will be the ſame whether 
the tube continue immerſed in the fluid, or be lifted up 
out of it. | 


VV 
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1. IF water be ſufpended in a capillary tube, and 
the tube be then inverted, the water will deſcend. 
2. But in an upright conical tube it will conti- 
nue ſuſpended. 
3. I de experiments hitherto recited, made 
With glaſs planes and capiltary tubes, be inſtituted 
with mercury, the effects will be the reverſe of 
thoſe which are produced, when water is the fluid 
made uſe of. 
| Thus if a capillary tube of als be immerſed i in mer- 
cury, the fluid within the tube will ſtand lower than the 
ſurface of the external mercury; and the depreſſion will be 
7 reciprocally as the diameter of the tube; which depreſſion 
is cauſed, 1ſt. By the action of the glaſs on the mercury 
immediately below the orifice of the tube, which attract- 
ing the mercury upwards leſs forcibly than it would be, 
| L it 
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if the tube were removed, It is comparatively heavier, and - 
therefore ſubſides. 2dly. The cylinder of mercury at the very 
loweſt extremity of the tube, whoſe altitude is equal to that; - 


of the attraCting annulus, is leſs attracted upwards, than if the 


glaſs were removed, and therefore the mercury ſubſides on 
this account alſo, as before. 34y. The upper plate of mer- 


cury within the tube is actually neither attracted apwards 
nor downwards; but if the tube were removed, the upper 
plate of mercury would be attracted downwards by the force 
of an annulus of mercury; therefore the mercury, on this 
account, is lighter, than if the tube were ee by the 
attraction of a mercurial annulus. 

Let M denote the attraCtive force of an annulus of mer- 
cury on mercury; G the force with which an equal annu- 
lus of glaſs attracts mercury; then will M—G denote the 
force, with which the mercury ſubſides by each of the two 


firſt cauſes; and 2 M— 2 G denotes the force with which | 
it ſubſides by the action of both cauſes conjoined ; but M, 


which denotes the force, with which it would aſcend by the 


operation of the third cauſe, being ſubtracted from 2M—2G, | 


| the remainder M — 2 G will expreſs the entire force with 
which the mercury ſubſides, Wy cauſes being taken into con- 


fideration. 


Hence the fluid within the tube will ſtand lower than hs 
level of the external fluid only when the attraction which 
ſubſiſts between its particles, exceeds the attraction which 


This between it and the tube, i in a greater ratio than 2 
to FE a | ; C | 


4. The phenomena of the Rope-Pump depend | 


on corpuſcular attraction. 


HA LY FR 
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ifs the beſt contrived machine of this kind, a man by his 
utmoſt exertion can raiſe 9 gallons of water 95 feet high in 


a minute; but a man with a good common ſucking pump 


can raiſe 1 5 gallons to the ſame height i in the ſame time; 
therefore the Rope-Pump, however ingenious, is of no 
great uſe in mechanics. 

5. The pbænomena of filoving Machines * 
pend likewiſe on corpuſcular attraction. 

Theſe machines conſiſt merely of a vertical tube, through 
which deſcends a continued ſtream of water; the water 
carries down with it a good quantity of air, which being diſ- 
lodged from the water, and collected in a receiver, is con- 
dudted by tubes. to any defired part of the furnace. 
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1. IE mutual actions of maſſes of matter are 
regulated by the attraction of gravity, which acts 
with great force even at conſiderable diſtances. 

All bodies in the neighbourhood of the earth have a ten- 
dency to move towards it, and in a direction nearly paſſing 
through its centre; this tendency is called Gravity, and ariſes 
from the compound tendency towards all its parts, for the 
| direction of the combined action of all the particles « com- 


— 


poſing ; a ſphere, paſſes thro the centre. 


The weight of a body i is its tendency to the earth, com- | 


pared with the like tendency of ſome other e which is 
confidered as a ſtandard, | 

"4 Gravity at all heights to which badies are 
uſually projected above the level of the ſea, is found 
to be a conſtant force, or to act with the ſame 
intenſity. | 

3. But accurately ſpeaking, gravity at all dic. 
tances above the ſurface of the earth, varies in the 

| | inverſe 
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inverſe duplicate ratio of the diſtance from its cen- 
tre: = hs 
4. Below the ſurface, gravity varies in the di- | 
; rect ſimple ratio of the diſtance from the centre. 
5. All bodies in the ſame latitude, are found to 
be equally acted upon by gravity, whether quieſ- 
cent or moving, or whatever be their 8 
figure, or denſity. , | 
In the latitude of London all bodies acquire a velocity in 
falling 1 which would carry them een Og 322 


feet 1 in the ſame time. . 55 


6. Suppoſing the earth ſpherical, the nen 8 

of gravity, ariſing from the centrifugal force, varies 
as the ſquare oi the coſine of latitude. 
7. The figure of the earth js not exactly ſphe- 
I rical, but! is that of a ſpheroid f flatted e at the Pines, 

and ſwelling out at the equator. 5 | 

In the year 1736, the French Mathematicians were » be 

towards the North Pole to meaſure A, degree of the meri- 


 dian and they determined it to be 57405 French toiſes in 


the lat. 66e 20/; the Mathematicians who were ſent at the 
- fame time to Peru, for the ſame purpoſe, determined the 
length of a degree under the equator to be 56749 toiſes; 
whence 1 it follows, that t the curvature of the earth's ſurface 
3s greater at the equator than at the poles ; and conſequently, | 


that the equatorial e is e than ow axis of the 
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The menſurations which may be chiefly relied on, are 
thoſe inſtituted in Peru, at Turin, Vienna, in France, 
| and in Lapland not only becauſe of the ſkill and care 
of the Mathematicians who conduCted them ; but likewiſe 


on account of the ſituation of thoſe places, which were ſo 


circumſtanced, that the plumb-lines of the inſtruments 

were not diſturbed by the attraction of nr moun- 

tains. . | „„ 

The meaſurements in thoſe lice were as follows: 1 

5 Peru : - Lat. o — 56749 Toiſes 
2. Firſt meaſure in France 43% 31 — 57048 

„ . ẽ æqę 57138 

4. Second meaſure in France 45 45 — 57050 

8. Vienna 48 43 — 57086 

6. Farin - 49 23 — $7074 © 
7. Lapland . . 66 20 — 57405 

If theſe different ps” be variouſly combined, dif- 

ferent ratios of. the axes will ariſe, the mean of which ap- 


pears to be the ratio of 230 to 231. It is admitted that 


the errors, in meaſurement, may amount to 40 toiſes in one 
degree; nevertheleſs, as Friſi obſerves, actual meaſurement 
ſeems preferable to any calculation derived from the lengths 


of pendulums, becauſe the internal conſtitution of the earth 


| will have a conſiderable influence on the times of their vi- 


brations; ; it is alſo to be preferred to any calculation deriv- 
ed from che hypotheſis of the earth's having been, at its for- 


mation, entirely fluid, becauſe obſervations on the inferi- 


or ſtrata of the earth do not appear to TOO that hy- 
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8. The degrees of the terreſtrial meridian, in 
receding from the equator towards the poles, are 
increaſed in the n ratio of the FT fine od 
_ latitude. LI 

Fig. 4. In the ellipſe MAm B, let C4 be the zar and 
C the leſs ſemi- axis; PN a perpendicular to the perime- 
ter of the ellipſe in P, meeting the axis; and PE an ordi- 
nate: then by Prop. 24. Lib. 2. and Cor. T, Prop. 31. Lib. 5 
Ham. Con. PN = (PE%+NEs = =) CM C C 


: | 
Ser and by Prop. 18. Lib. g. and Prop. 22. 


045 e 
_CM+ 


If inſtead of CE3 Le ſubſtitute 23 * l. We — PE*, we 


Lib. 2 H. C. PR radius of curvature at P! is = 


CH 

: 5 e, . . : 
* FR 23 

| ſhall have PN? = = 7a + -- 27 PE ; alf the 

- fine of the age PNE- be called 2, we ſhall have PN = 


C. X a; ; and at being ſubſtitute, the ra- 


| THEO 


| Fn of curvature at 7 = 


If e eee pf N ei, ind ö, the differ- 
ence of we ſemi-axes, be ſo ſmall, that i its ſquare may be ne- 


daes the radius of curratare will be =a 5 . 5; 
5.72 


= =e—h+3 b. 72. ee Fri 5 de 5 
9. The 
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9 The oblate ſpheroidical figure of the carth 
may be determined from the meaſurement of a me- | 
ridional degree in two different latitudes. 

CMA. . 5 
CA. UT. — CN 272, and the 0 of © 
curvature which is directly as PNs, will be in the inverſe ſeſ- 
quiplicate ratio of CA. CA. II 7 ; if therefore the 

meaſurement of a degree be called G, and the fine of lati- 
tude ; and there be another arch E, nearer to the equa- 
tor, and the fine of latitude be s, we ſhall have this analogy, 


G. E. CA CAC: CA CAC; 
that 1 is, ſince CA = c+6, and CA—CM = 8, and bis very 
ſmall, G: E: TL . : CAC. A) 3 TO 
very nearly; or G: E : C4A—3b. 2 : CA—3b. 12; 
b G—E 


Fig. 4. For PN*— ny 


Ou 77 = 50 AE 5 Andif B bemea- 

3 E | 

ſured at the equator, Az I 1 25 ; e A. See Frits Coſmo- 
graph. SE IN 


. The figure of the earth might alſo be determined by the 
meaſurement of a degree i in two parallels of latitude, but 
not ſo accurately as by meridional arcs, 1ſt. Becauſe when 
the diſtance of the two ſtations, in the ſame parallel, is mea- 
ſured, the celeſtial arc is not that of a parallel circle, but is 
nearly the are of a great circle; and always exceeds the arc 
truely correſpondent to the terreſtrial are. 24y. The 
Interyal of the meridians paſſing through the two ſtations 

muſt be determined by a CO a a very _ error in 
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the going of which will produce a very conſiderable error in 
tho computation. 
10. The mutual gravitation of 8 in the b 
neighbourhood of the earth is rendeted only inſen- 
fible by the predominant influence of the earth. 
For it has been aſcertained, by the accurate experiments 
of Doctor Maſkelyne, that the attraction of a mountain *_ 
ſufficient to draw the > a line PONY! from the r 
| cular, 5 Eh | 
The 3 of attraRtion of a kill; is Send he the FR : 
g viation of the plumb- line from the perpendicular; ; which de- 
| viation it found by making two obſervations of the zenith 
diſtances of a fixed ſtar, one on the north fide of the hill, 
the other on the ſouth ſide, On the ſouth fide, the plumb- 
Ime being carried northwardsat its lower extremity, towards | 


the mountain, will occaſion the apparent zenith diſtance to 


approach the equator and therefore the latitude of the place 
will appear too ſmall by the quantity of attraction: the con- 
trary happens on the north ſide of the hill. Therefore the 
difference of latitudes will appeat too great by the ſum of 
the attractions; if therefore the difference of latitude of the 
two ſtations determined by actual meaſurement, according 
to the length of a degree of Jatitude in that parallel, be ſub- 
tracted from the difference of latitude determined by celeſ- | 
tial obſervations, the difference will give the ſum of the two 
contrary attractions of the hill. 1 

11. Gravity is not cauſed by the emiſſion of 
N effluvia; nor by the impulſe, truſion, or 


| ackion of the materia ſubtilis. 


— 


+ 1.2 Gravity 


us Gravity 1 is not an innate property or r prima- It, \ i 
ry quality of Dor. | | nl 


13, Gravity cannot be accounted ths by the ac- 


tion of any fluid, whether elactic or e 
quieſcent or agitated. 
However. unſearchable the efficient cauſe of gravity 
may be, its final cauſe is evident, iſt. To prevent che diſſi- 
. pation of the parts of the planets, which would be cauſed by 
their rotation on their axes. 2ay, To produce a viciſitude 
of ſeaſons, 2 revolution of the planets round the ſun was ne- 
ceſſary; which is effected by the combination of grayity with 
the projectile „  . „ 
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LECTURE IX. 


* 


. TexRESTRIL i mechanics are generally re- 
| Fat; into two claſſes, Statics, which treat of the 
equilibrium of bodies, and Dynamics, which treat 
of their motion. 
2. A lever is defined to be an inflexible right line 
void of gravity, and moveable about a fixed point 
called the fulcrum ; but as every body is ponderous, 
the leyer 1s balanced before the weights are ap- 
plied, in order that the weight of the inſtrument 
itſelf may not diſturb the equilibrium, which ſhould . 
| be produced according | , 

3. If a weight be ſupported on an horizontal 
lever which reſts on two fulcrums, and be fimilarly 
ſituated with reſpe& to them both, each of the 
fulcrums will e a en 5 to half the 


we! ight. 

For ſince the lever is ſuppoſed to be horizontal, the whole 
weight preſſes perpendicularly againſt it, and therefore the 
| | | do 
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two "FEE ſuſtain a perpendicular preſſure equal to the 
whole weight; but they are ſimilarly ſituated with reſpe& 

to the weight, therefore the preſſure is qty diſtributed | 

between them. 


4. Equal forces ing competent at the ex- 
tremities of equal arms of a Never will balance each 
_ | | 
=, ICS uniform cylinder be fipporied on the 
middle point of its axis, in an horizontal poſition, 
it will continue at reſt. . | 
6. If a uniform cylinder be balanced on the 91 
dle of an horizontal lever, the equilibrium will not 
be diſturbed, if the cylinder be cut into any two 
parts, by a plane perpendicular to the axis of the 
cylinder. | | 
For the force of coheſign can act only into two ways, 
either i in preventing the particles, which are in contact, from 


ſeparating by moving in a vertical direction, or in draw- 905 


ing them horizontally towards each other; now the former 
effect is equally produced by the lever, on which the cylin- 
der reſts; and ſince the latter conſiſts merely i in drawing the 
particles i in a direction parallel to che 2 225 it can have no 
effect i in moving it. 
by 5 If a uniform cylinder reſt on an e 
lever, which is ſupported on a fulcrum at, one of its 
extremities, it will be balanced by half the weight 
of the cylinder, at twice the diſtance of the mid- 
dle point of the cylinder from the fulcrum, 
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Pig. 5. For let C be the ads and AD the cylinder, 'whoſe' | 
middle point is E; take 2 and ſuppoſe the end 2 
to be ſuſtained by a prop; then as AD is ſimilarly fituated 

\ with reſpect to each end of the lever, the prop and fulcrum 

muſt bear equal parts of the whole; and therefore the 

4 prop at © will be preſſed with a weight equal to half that 

of the cylinder; therefore the cylinder will be balanced by 


half its weight pulling the point 2, upwards, that is, by 


the ſame half weight hung from the point P, pulling = 
downwards, if PC = CQ 2CE. | 5 
8. Any two weights acting perpendicularly upon 
an horizontal leyer, and at contrary ſides of the | 
fulcrum, will balance each other, if they be reci- 
procally proportional: to: their diſtances from the 
fulcrum. 5 
Fig. 6. Let x and y be the two 3 ND) ef the levers let 
each of the two weights be doubled, and formed into a 
uniform cylinder AB, whoſe length | is equal to ef; bilect ; 
AB i in C, then this cylinder will balance itſelf on the ful- 
crum C; let it be cut at D, ſo that AD: DR: 2 © 7 
then biceet AD in E, and DB in F, ſo will AE = = x, and 
DF=y, F and the equilibrium will ſtill remain; let Ee=EC, | 


and FF=C ; then A DC=fB. Now a weight equal 
to AE or x, at the diſtance e from the fulcrum, would 
balance the cylinder | AD ; but AD balances the cylinder 


DB; therefore x at the diſtance eC would balance the c cy- 


nder DB. In like manner, half the cylinder DB or , 
at the diſtance cf from the fulcrum, would balance DB ; 


therefore ſince the BOO x and y, at their ——— diſ- 
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tances C, M from the fulcrum would balance the ſame 
weight, in the ſame circumſtances, they will balance each 
other. But C D, and Cf = AD, therefore C: Cf : : 
DB: AD: v.: x; that is, the weights x and , when in 


e SE are to each other reciprocally as their diſtances 
from the fulcrum. 


9. There will be an equilibrium on the Levi * 
the weights be reciprocally as the velocities, with 
which they would move, if they were ſet in mo- 
tion. N . - : | 
10. It is of no conſequence in what point of the | 
line of direction the force acts. 
11. When an inflexible line is kept in equilibri- | 
um by three forces acting on it, any two of theſe for- 
ces will be to each other reciprocally as the perpen- 
dicular diſtances of the lines of direction from the 
point of application of the third force. 

12. There will be an equilibrium on the com- 
pound lever, when the power is to the weight, in 
a ratio compounded of the ratios of the ſeveral 
powers to their reſpective ee e on 
each lever ſeparately. | 


N - 
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. of the Gre regular ſolids _ 1 
on its centre of iind, will continue at reſt 1 in 
any poſition. | 
2. There is a point which every body which be- 
ing ſupported, the body will continue at reſt in 
any poſition. 

This point is called che centre of gravity. Though al 
bodies have a centre of gravity, or a point through which a 
plane paſſing in any direction reſolves the body into two | 
equiponderating parts; yet all bodies have not a centre of 
magnitude, or a point: through which a plane paſſing in any 
direction will reſolve the body into two equal magnitudes. 
Thus no ordinate polygon, of an uneven number of ſides, 
has a centre of magnitude. | 


15 „„ | „ 
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3. If two bodies be connected by a right line 
joining their centres of gravity, and the point which 
divides that line in the reciprocal proportion of 
their weights, be made a fulcrum, the bodies will 
continue in equilibrium in any poſition. . 5 

This point is called their common centre of gravity. 
Hence, the effect of a body to move a lever is the ſame, 
as if its weight were concentrated in its centre of gravity. : 
And if a weight be ſuſpended from any point of a lever, its 
effect to move it is the ſame, as if the weight were concen- 
trated in that point. 

4. The common centre of gravity of three bo- 
dies is the common centre of gravity of any one, 
and of the other two confidered as one body uni- 
ted in their common centre of gravity. And fo on 
for any other number of bodies. 

5. If from two angles of a triangle there be 
drawn right lines biſecting the oppoſite ſides, the cen- 
tre of gravity will be in this line, at two thirds from 
the wette. 

6. All plane figures may be reſolved into trian- 
gles, whoſe centres of gravity being found by the 
laſt article, their common centre of gravity will be 
the centre of gravity of the figure. = 

7. A body or ſyſtem of bodies cannot have more 
than one centre of-gravity 0” | 


K 5 For 
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For if there were two, let us ſuppoſe the body to revolve 
on one of them, until the other lie in the ſame horizontal 
line; then it would follow, that the equilibrium in the lever 
wa not be diſturbed by increaſing one of the arms and 
diminiſhing the other; which is abſurd. 

8. A force applied at the centre of gravity of a 
body cannot produce a rotatory motion. 

For every particle reſiſts, by its inertia, the communica- 
tion of motion, and in a direction oppoſite to that in which 
the force applied tends to communicate the motion; their 
reſiſtances therefore act in parallel lines, in the ſame man- 
ner as their gravities; ; and they are proportional to their 
weights; therefore ſince the weights balance each other on 
the centre of gravity, ſo alſo will the reſiſtances of the in- 
ertia of the particles. 

9. When two . are | ſuſpended by a cord, 
or otherwiſe hang freely from a ſtraight lever, 11 
there be an equilibrium in the horizontal poſition, 
there will alſo be an equilibrium however it may 
be inclined to the horizon. ; 

10. If the weight be faſtened to the lever, ck 
there may be an equilibrium when the lever is hori- 
zontal, yet there will not, if it be inclined. 

Hence, when two men carry a weight by a lever, from 


which it hangs freely, there will be no advantage gained, nor 
inconvenience ſuffered either by the firſt man or the laſt in 
going up or down hill. But if the weight be faſtened to 
the lever, and reſt upon it, in going up hill the foremoſt 

man 
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man will ſuſtain a leſs portion of the weight, and in 


going down hill will ſuſtain a greater. And the contrary 


will happen, when the weight is attached to the lever, and 
below it. | 

11, The centre of gravity continually endeavours , 
to deſcend in a vertical line. 

Gravity acts in a direction perpendicular to the 10 ; 
and fince the whole weight of the body may be conſider» 

ed as collected into the centre of gravity, that point will 
always endeavour to deſcend in a vertical line, and with a 
force equal to the body's weight; for this reaſon, a vertical 
line, paſſing through the body's centre of pony. 18 . 
the line of direction. 

12. If two rulers forming an angle at one of 
their ends, reſt there on an horizontal plane, whilſt 
at the other they are raiſed above the plane, and if 

a body conſiſting of two equal and ſimilar cones, 
joined at their baſes, be laid upon the rulers in 
ſuch a manner, as that the edge of their baſes may 
lie between the rulers, it will, when left to itſelf, 
roll towards the elevated extremities of the rulers, 
provided the ſemidiameter of the cone be greater 
than the height of the rulers, where their interval 
is equal to the axis of the double cone. 

If the ſemidiameter of the double cone be equal 
to that altitude, it Will continue at reſt on any part 
of the rulers ; 31 leſs, it will roll down, | 

* 2 | The 
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The n will _ if ahi cones be united at their 
vertexes. 


13. When the centre of ky and the centre 
of magnitude of a cylinder do not coincide, it 


can roll up an inclined plane, if the right . fine of 


the angle of elevation of the plane be leſs than the 


interval between the centres of gravity and magni- 


tude, the ſemidiameter of the cylinder being radi- 
us; if equal, it will continue at reſt in one poſiti- 


on; if greater, it will roll down the plane in every 


poſition, 

14. If the centre of gravity of a "=O be beneath | 
any point of it, which is ſupported, the body will 
remain ſupported, otherwiſe not. 

Hence, if a body be increafed or diminiſhed by the. ad. 
dition or ſubduction of any part, the poſition of the centre 
of gravity will be changed, and the body, which before was 
ſupported, may now fall; and the contrary. 

I5. If the plane baſe of a body be placed on an 
horizontal ſurface, the line of direction paſſing 


Without the baſe, the body will fall ; but if the 
line of direction paſs through the baſe, the body 


will remain ſupported. | 
16. If a body be ſet upon an inclined. Slane, 
the line of direction will fall oblique to the baſe ; 
in this caſe, if the line of direction fall within 
the baſe, the body will flide down the plane; 
1 : | | but 
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but if it fall without the baſe, the vady will roll, 
or partly flide and partly roll, according as the 
quantity of friction is greater or Jeſs. OI : 


If there were no friction, the body of IRS form 
would ſlide without rolling. 


L E C- 
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Wi IF Ir a body hang freely from a centre of ſuſpen- 
p, | — ſion, it will not continue at reſt, unleſs the line of 
I | direction paſs through the centre of ſuſpenſion. 
ik T When the line of direction does not paſs through the cen- 
| tre of ſuſpenſion, the weight of the body may be always re- 
| ſolved into two forces, one .of which impells the centre of 
= gravity directly from the centre of ſuſpenſion, and is totally 
counteracted, becauſe that centre is fixed; the other force 
acting in a direction perpendicular to the former, and 
having no counterpoiſe, urges the centre of gravity in the 
15 direction of a tangent to the circle, which that point de- 
| ſeribes round the centre of ſuſpenſion. This force is always 
as the ſine of the angular diſtance of the centre of gravity 
from the loweſt point. NS ” 


FE 
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If a body be ſuſpended by a line from a fixed point, it will 
be at reſt, only when the line is perpendicular to the hori- 
zon. An inſtrument of this kind is called a plumb- line; by 

means of this line the vertical direction, and the horizontal 
plane which is perpendicular to it, are determined; for two 
lines which interſect each other being determined, the plane 
paſſing through them is alſo determined ; if therefore there 
be two lines, which are perpendicular to each other, you 
can by the plumb-line aſcertain, when one of them is ver- 
tical, and conſequently the other horizontal; and this being 5 
done in a ſecond poſition of the lines, ſo as to give a ſe- 
cond horizontal line cutting the former, the horizontal 
plane paſſing through them is determined. A plumb-line 
applied to right lines ſo ſituated, conſtitutes a level. An 
horizontal plane is alſo determined by ſpirit levels, which in- 
deed have the advantage of being free from any agitation pro- 
duced by the air; nevertheleſs the plumb- line is to be pre- 
ferred, as not requiring any N e and being eaſily 


conſtructed. | 

2. If a body be ſuſpended from centres of ſuſpen- 
fion paſſing through different points of the body, 
the interſection of lines drawn from theſe centres 
perpendicular to the horizon, when the body is 
quieſcent, will coincide with the centre of gra- 
vity. . 
3. The centre of gravity of a body 1 is ſometimes 


f not 
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not within the body itſelf, yet the ſame regard i is 
to be had to its motion or ſupport, as if it were. 
The centre of gravity of the bones of animals does not 
lie .in the bones themſelves, but in their i imaginary axes z 
in which conſtruction is manifeſted the wiſdom of the Di- - 
vine Artiſt. The number and adheſion of the fibres com- 
poſing a bone being given, the ſtrength of a ſolid cylin- 
der of bone is to the ſtrength of a hollow rs bone, 
directly as their diameters. | . | 
4. The diſtances of bodies, as far as relates to 
the action of their weights, 15 expreſſed by the diſ- 
tances of their centres of gravity ; and the eſtima- 
tion of the forces, by which bodies or ſyſtems of 
bodies are urged by gravity near the ſurface of the 
earth, is determined by this point. Rs 
For the effect of the preſſure of the whole body to ge- 


nerate motion in a lever, is the ſame, as if all the matter 


were collected in the centre of gravity. 

5. If any number of bodies be placed on a lever, 
there will be an equilibrium, when the products of 
the ſums of the bodies on each fide of the fulcrum, 

multiplied into the diſtance of their common cen- 
tre of gravity from the ſame fulcrum, are equal, 

6. There will be an equilibrium in the lever, 
when the ſums of the products on each fide, ariſing 
from the multiplication of each body into its re- 
| ſpective diſtance from the fulcrum, are equal. 


| 7. If 


5. If a body equal to the ſum of any two bodies 
be placed in their centre of gravity, and the ſame 
quantities of motion in the ſame directions be com- 
municated to it, which are communicated to the 
two bodies, this body will move in the ſame line, 
which 'the centre of gravity of the two bodies de- 
ſcribes, and-with the ſame velocity. „ 
Fig. 7 Suppoſe the momentum communicated to A, would 
cauſe it to move from A to , in a given time; ; at * let 
the body be ſtopped ; 3 join AB, and xB ; let E be the 
common centre of gravity of 4 and B, draw EF parallel 
to Ax; and, by the motion of A, the centre will have de- 
ſcribed the line EF. And if E be a body equal to 4+B, 
: and the ſame momentum be communicated to it, that was 
before communicated to A, and in the ſame direction, that 
is, in the direction EF, ſince the quantities of motion 
communicated to 4 and E are equal, their velocities will 
be reciprocally proportional to their quantities of matter, or 
Es velocity: As velocity : : 4 : AB :: EF: Ax; there- 
fore EF and Ax are the ſpaces deſcribed by E and & in 
equal times, or EF: will be the ſpace deſcribed by E in 
the given time. In the ſame manner, if the momentum 
communicated to B, would cauſe it to move from B to 7 
in the ſame given time as before, then will the body E, 
in the centre of gravity, in that time, deſcribe the line 
EG, parallel to By. If now the momenta, inſtead of be- 
ing communicated ſeparately, be communicated at the ſame 
inſtant, to the bodies, at the end of the given time they 
7 will be found at x and 5; and E equal to the ſum of the 
. | IL. 55 bodies 
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bodies in the common centre of gravity, will have deſcrib- 
ed the diagonal of the prolong mar 5 whole conterminous 


| ſides are EF, EG. 


Hence equal and contrary motions communicated to any 
ſyſtem. of bodies will have no effect upon their centre of 
gravity. For the ſame reaſon, the motion of the centre | 
of gravity of any number on bodies is not diſturbed ky 
their collifions. 

Hence alſo, the centre of FRO of a ſyſtem of bodies 


will not be diſturbed by their mutual attractions, as the 
Motions thus communicated are always equal and oppoſite. 


Hence alſo the centre of gravity of the ſolar ſyſtem is cither 
at reſt, of moves on uniformly in a right line. 


. If two bodies move uniformly 1 in two right 
lines, their common centre of gravity will either be 
at reſt, or move uniformly i in a right line. 

T his follows directly from the laſt article. 
8 If one body be at reſt, and another deſcribe 


any curve, the centre of gravity will deferibe a ſimi- 


lan curvr ens 
10, If one body de moved in any direction, the 


others continuing at reſt, the correſponding mo- 


tion of the commen centre of gravity, eſtimated 
in any given direction, will be to the motion of the 
aforeſaid body, eſtimated in the fame direction, as 
the weight of the body moved 1 is to the OR of 


+ the whole ſyſtem. 


11. The Particles of a byſtem, which are acted on 
| only 
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only by their mutual attractions, will meet in their 
common centre of gravity. 


For they muſt meet, and the —_—_ centre 40 4 
remains at reſt. 


12. The perpendicular diſtance of the centre of 
gravity of any number of bodies from a given plane, 
is not changed by the motion of the bodies in planes 
parallel to that given plane,, 

13. The ſum of the products of any number of 
bodies multiplied into their perpendicular diſtances 
from any propoſed plane is equal to the product of 
the ſum of the bodies multiplied into the perpen- 
dicular diſtance of their common centre of gravity 
from that plane. 7 

Hence, if the fum of the ates of all the es into 
their reſpective diſtances from any propoſed plane be divided 
by the ſum of all the. bodies, the quotient will be the diſ- 
tance of che centre of gravity from the propoſed plane; 
and thus may the poſition of the centre of gravity be de- 
termined by calculation, 5 „ 
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0769 bem be Go cunfingtiet, that tin; Uns jaime 
ing the centre of gravity and the fulcrum ſhall be 
perpendicular” to any given line in the beam, the 
beam hanging freely on its fulcrum, will ll __ 
when that given line i is horizontal. e nes 

pon this principle is conftrufted the balance, which k 
a lever with equal arms, and whoſe fulcrum | or centre of 
motion is ſituated immediately aboye the centre of gravity : 
of the beam, when horizontal, Its ule is to pen the 
OM of bodies with each other. 

The axis of motion of the balance mould be 
Fes the centre of gravity of the beam. 

The horizontal poſition of the beam when loaded, in 
the comparing of weights, is determined by an index paſſ- 
ing through the centres of gravity and motion, and per- 
FAVES to the axis of the beam. 5 


24 


ag: 5 When 
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3. When the balance unloaded is quieſcent, and 
therefore horizontal, if the index which paſſes 
through the fulcrum be directed to any fixed point, 5 
and again, when the balance is reverſed, it be di- 
rected to the ſame fixed point, it is in the right 
line which joins the centre of gravity and the ful - 
By this means the poſition of the index is adjuſted. 
2 * The perpendicular diſtances of the points of 
application of the weights to be compared, from 
the right line which joins the centres of gravity and 
motion, ſhould be equal, het i. the e of the : 
balance ought to be equal. 196 

5. The points of e is; which the 

| weigbts are ſuſpended, ſhould be in the ſame right 
line perpendicular to the ling Wen the centres of 
* and motion. 

6. The nearer the right nns; ele - the „ | 
application is to the centre of motion, a given dif- 
ference of weight will produce larger vibrations of 
in balance, and a more ſenſible effect, - D 1 

. If the centre of motion be ſituated below the 
cp joining the points of application, the beam, 
when loaded with equal weights, will overſet, reſt 
in any poſition, or equilibrate according to the 
weight. 5 DE 

: | 8. When 


{4 j 
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. When two given weights, fulpended from the 


arms of a balance, are 1n equilibrium, if theſe 
weights, when transferred to the oppoſite ſcales, be 


ſtill in * the : arms of the balance are 
e = ES 

9. The various adjuſtments of the balance are 
theſe : : it, Equal weights are readily found, what- 
ever be the ſtate of the balance; for if they re- 


duce the beam to the ſame poſition, when ſucceſs- 


ively applied to the ſame arm, they muſt be equal: 
then if theſe equal weights tranſpoſed do not dif- 
turb the poſition of the beam, the arms are equal. | 
zy. If unequal weights tranſpoſed produce equal 
deflections of the beam, the points of ſuſpenſion are 


in the ſame right line, perpendicular to that which 
Joins the centres of gravity and motion; and there- 


fore the line joining theſe points will be horizontal, 


when the beam hangs freely. 3%”. Let the index 


be directed to any fixed point, then the beam being 


reverſed, if it ſtill paſs through the ſame point, the 


thy index is-perpendicular to the axis of the beam. 
. Weights are made by the ſubdiviſion of a ſtandard weight: 


theſe ſtandard; weights are the pound Troy, and the pound 
bre. which: are as , and differently ſubdivided, 


02 ee ag. TROY 
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ROT WEIGHT. 


As: uſed by Apothecaries, - As uſed by Goldſmiths. 
Grains. Scruples. Grains. Penny weight. 5 mr 
20 = 1 + aA Cane 
| | Drams, 5 | Ounces, 
0 23 == . 14180 = 20 = 10. | 
: _ Ounces. | | Pounds. 
480 1 8 — 13 | 5760 = 240 2 —— Ilb. 
| Pounds, h | | 


5760 = == 388 ; = 55 =% 1 lb. 
AVOIRDUPOIS WEIGHT. 


| Drams. Ounce. 
„ 
Pound 
| 256 = 26 2 1 
The Avoirdupois pound contains 7oo4 grains 1 75 ; 
whence it exceeds the Troy pound nearly in the ratio of 
107 to 88; but as it is divided into 16 ounces, whereas the 
Troy pound is divided only into 12, "the Troy ounce ex- 
ceeds the Avoirdupois ounce nearly in the ratio of 80 to 73, 
che former containing 480 grains, and the latter 437, 15- 
The Avoirdupois weight is uſed in weighing groſs ſubſtan- 
ces; Troy weight is uſed for philoſophical purpoſes. If 
the ſtandard weight be continually halved, it will produce 
the common pile, which is. the ſmalleſt number for weigh- 
ing between its extremes, without placing any weight in 
the ſcale with the body under conſideration. Mathemati- 


-clans. have computed the leaſt poſſible number of weights 


with which the weight of any ſubſtance, within given 
limits, may be eſtimated ; but this determination i is of little 
uſe, becauſe with ſo ſmall a number, it muſt often happen, 

- that the ſcales will be loaded with weights on each ſide, | 
whoſe 


Pi 
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whoſe difference only is to be aſcertained. We are not 


therefore to look for the leaſt poſſible number of weights, 


by which the weighing of bodies may be effected, but that 
number and arrangement by which it can be done with the 


greateſt facility. Now as philoſophical computations are 
chiefly made in decimal f ractions, it is moſt convenient to 


arrange weights in that progreſſion 3 of which there ſhould 


be two ſets, one of ounces, the other of grains, in the fol- 


lowing orders. See Atwood's Analyſis. 55 
Weights. Ounces. Weights, Grains. 


4 each of 100 of 1000 


=, 


of - 20 of Foo 


0 <0. of 100 
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10. 5 the equiponderating arms of a balance 
are of unequal lengths, if two ſuſpended weights be 
in equilibrium, when theſe . are * 
the equilibrium will be deſtroyed. 
This is called a falſe balance, as not giving the true 
8 But the true weight will be a geometrical mean 


> = + 9 þ '* 
2 
= 
0 
=_ 


between the two falſe weights. If the arms be very nearly 
TO” the true COS) wil be e e found, with ſuf- 
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ficient desuraey, by OO, an arithmetical mean between 
te two falſe weights. 
11. If different weights e e at 
the ſame diſtance: from the fulcrum of a ſtraight 


lever, be counterpoiſed by the ſame weight at dif- 
ferent diſtances from it, "theſe weights will be te 
each other, as the diſtances of the | invariable 
weight from the fulcrum. _ 5” 
On this principle is conſtructed the Statera Romana, or 

Steel-yard. This inſtrument is very convenient, becauſe 
it requires but one weight, is eaſily carried, and the preſ- 
ſure on the fulcrum is leſs than in ſcales, when the ſub- 

| Rance to be weighed | is heavier than the conſtant weight. 
But it is not ſo exact as ſcales in determining the equality of 

ſmall weights; 1ſt. Becauſe, the length of the beam being 

given, the arms in the Statera Romana will be ſhorter than 
in the balance, whenever the weight i is equal to or leſs than 
the conſtant weight, 2dy. The balance is capable of nicer 4 
adjuſtment. 34y. The ſubdiviſion of weights can be ef⸗ — 
feed with greater preciſion than the ſubdiviſion of the arm N | | 
of the Statera Romana. ably, The preſſure on the ful- | i 
crum is greater in the ſteel· yard than in ſcales, when the | 


conſtant weight 3 is enter W _ of the ee, to be | Jo 
weighed. | | 


12. If a man ſtanding i in one ſcale and counter- | 
poiſed by a weight i in the other, lay his hand to. any 
part of the beam, and preſs it upwards, he wall 9 
thereby deſtroy the equilibrium, and cauſe the 7 
ſcale in which he ſtands to preponderate : and the 


contrary will happen, if he pull it downwards, 
M L E C- 
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1. 1 every machine whatſoever, the power and 
weight will be in equilibrium, when they are to 
each other reciprocally as the velocities, with which 
0 would move, if they were ſet in motion. 
2, In the fixed pulley there is an equilibrium, 
when the power js equal to the weight. 
3. In a ſingle moveable pulley there will be an 
equilibrium. MET the power i is to FRO weights as one 
8 two. | 25 . 
5 the ſame ring g 1 a: (ts of pullies 
in = blocks, the power 1s to the weight, in caſe 
bog of equilibrium, as unity to the pumber of firings at 
the lower block. | 
| 5. In A ly ſtem of one fixed aud two qpoatle 
| pullics, | one of which aſcends as the other de- 
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ſcends, where a OY attached? to the aſcending. 


pulley, paſſes round the fixed pulley and is attached 
to the deſcending one, and another ſtring attached 
to the fixed pulley paſſes round both the moveable 
pullies, the power is to the weight, in caſe of equi- 
librium, as one to four. 

6. In a ſyſtem of two fixed and two moveable 
pullies, one of which aſcends as the other deſcends, 
where a ſtring attached to the aſcending pulley 
paſſes round one of the fixed pullies and is attached 
to the deſcending one, and another ſtring attached 
alſo to the aſcending pulley, paſſes round the other 
fixed and both the moveable pullies, the power 1s 


to the weight, in caſe of equ ilibrium, as one to five. 
The two preceding ſyſtems are called Spaniſh Burtons. 


7. In a ſyſtem of moveable pullies, in which a 
ſeparate ſtring goes round each pulley, there will 
be an equilibrium, when the power is to the weight, 
as unity to that power of two of which the index is 
the number of moveable pullies. | 

8. In a ſyſtem of moveable pullies, in which 
the ſtring that goes round each pulley is fixed to 
the weight, there will be an equilibrium, when 
the power is to the weight, as unity to that power 
of two, of which the index is the number of pullies, 
the whole due nes by Re 
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turned, will always be of the ſame magnitude. 
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LECTURE XIV. 


1. THERE will be an equilibrium in the wheel 


and axle, when the power is to the weight, as the 


radius of the axle to the radius of the wheel. 
When the rope which goes round the axle is long, re- 


gard muſt be had to its weight, which is often very conſi- 


derable, as in deep ſhafts in mines : in ſuch caſes it is ge- 
nerally counterpoiſed by a heavy chain, which is raiſed up 


or let down, according as the rope lengthens or ſhortens, 


by means of a cord wound round an axle, whoſe diame- 


ter is to that of the axle to which the rope is attached, as 
the length of the chain to the length of the rope. | 


2. If the diameter of the wheel-increaſe in the 


ſame proportion in which the power diminiſhes, the 


force with which the wheel will continue to be 


This 


* 
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This principle is Wgenivühy applied in the action of the 
main ſpring on the fuzee of watches; 3 and of the main 
N on the tumbler of gun -· locks. 

3. In a machine conſiſting of ſeveral wheels ſo 

conſtructed, that the periphery of one may act 
upon the axle of another, there will be an equili- 

brium, when the power is to the weight in a ratio 
compounded of the ratios of the diameters and 
ſynchronal revolutions of the laſt axle and firſt 
wheel. Re 

The number of ſynchronal revolutions 3 by. a 
wheel and the arbor that works it, 1s found by dividing the 
number of teeth in the wheel by the number of teeth in 


the pinion. The numbers of the teeth which play together 
ſhould be prime to each other, that the ſame teeth may 


meet as ſeldom as poſfible. 

4. When a toothed wheel works another, the 
peripheries of both wheels move with the ſame 
velocity. | 
5. If a toothed wheel whoſe diameter conti- 
nues always parallel to itſelf, be moved round ano- 
ther, which turns on a fixed centre, the number 
of ſynchronal revolutions of the revolving and cen- 

tral wheel will be to each other, as the ſemi- dia- 
meter of the central wheel to the ſum of the ſemi- 
diameters of the central and revolving wheels. 
| Fig. 8. Let the toothed wheel AZE whoſe diameter AB : 
keeps always. parallel to itſelf, be moved round the toothed 
wheel DFG, which turns on the fixed centre C; it is evident, 

: | that 
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that the centre K of the travelling wheel deſeribes 2 cirele 
round the centre C; and conſequently, ſince the diameter AB 
is always parallel to itſelf, every point in the plane of the cir- 
de AEB will deſcribe equal and fimilar figures, that is, 
every tooth of the travelling wheel will deſcribe a circle, 
whoſe radius i is equal to KC, But a tooth of the central 
| wheel DFG is always mg with a tooth of the wheel 
AEB, and conſequently they move equally faſt ; therefore 
the number of revolutions performed in a given time, will 
be inverſely as the ſemi-diameters of the circles; that is, 
while AEB performs one revolution, DFG will perform 
2 number of revolutions which is to unity, as KC to EC. 

When the radius of the travelling wheel vaniſhes, that 
wheel becomes a crank, and the number of ee ee re- 
volutions of the crank and wheel equal. 
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. WHEN a reſiſting body is ſuſtained againſt 
the ſace of a wedge, by a force acting at right an- 
gles to its direction, the power is to the reſiſtance, 
in caſe of equilibrium, as the ſine of the ſemi- 
angle of the wedge to the ſine of the angle which the 
direction of the reſiſtance makes with the face of 
the wedge; and the ſuſtaining force will be as the 
coſine of the latter angle. 
Fig. 9. Let ABC be a rectangular a whole” as 

gular point is C, face BC, and back AB. Let this wedge 
flide freely along the plane LN; 3 let a body E be drawn 
or urged in the direction KE againſt the face of che 


wedge, and let it be kept in that direction by a force 
acting in the direction DE, at right angles to KE. There 0 


are now three forces acting on the body E, viz. the 
reſiſting force KE, the ſuſtaining force DE, and the re- : 


ation of dhe wedge in the e AE, perpendicu- 


— 
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lar to the ſurface BC. On ED let fall the perpendicular 
| AG; and ſince. the three forces are in equilibrium, they 
will be to cach other as the ſides of the triangle AEG, 
drawn parallel to their directions. Draw EF perpendicu- 
hr to AC, and the force AE will be reſolved into two; 
one EF preſſing the wedge perpendicularly againſt the 
plane LN, which is balanced by the reaction of the 
plane; the other FA, which endeayours to move the 
wedge upwards along the plane LN, and which is balan- 
ced by the power on the back of the wedge. If therefore 
AG repreſent the force KE, EG will be the ſuſtaining 
force, and AF the power applied on the back of the wedge, 
when theſe forces balance each other. And making AE 
radius, F is the ſine of the angle AEF or ACB; and 
AG is the ſine of the angle AEG or KRC, theſe two an- 
gles being the complements of AA to a right angle. 
If che wedge be in form of an Iſoſceles triangle, com- 
1 of two rectangular wedges, the force EF which in 
the former caſe was counteracted by the plane, will now 
be counteracted by che other half of the wedge; and the 
power, reſiſtance, and ſuſtaining force will remain in the 
ſame ratio as before. 
When EK is parallel t. to BA, 4G becomes ——— and pa- 
rallel to EF, and EG equal and parallel to AF; and the 
power is to the reſiſtance as AF to EF, or AB to AC, 
and equal to the ſuſtaining force. 
If EK be perpendicular to AB the Kok of the wedge, 
the direction of the reſiſting force will be parallel to AB; 
therefore this „ in fact, is the ſame caſe with the former, 
the reſiſting and rae) forces changing denominations. 
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| When KEi is perpendicular to BC, the fine of the angle 
KEC i is radius; and. its. cofine, which repreſents the ſuſ- 
taining force, vaniſhes; therefore the power is to the re- 
ſiſtance, as the fine of the ſemiangle of the wedge. to radius, ; 
See Ludlam on the Wedge. 

2. When the reſiſtance is made againſt the face 
of a wedge by a body which is not ſuſtained, but 
will adhere to the place to Which it is applied with- 
out ſliding, the power is to the reſiſtance, in caſe 
of equilibrium, as the coſine of the difference be- 
tween the ſemiangle of the wedge and the angle, 
which the direction of the reſiſtance makes with 
the face of the wedge, to radius. | 
| Fig. 10. From any point K draw the line KE through the . 
_ middle point of the back, meeting the face of the wedge in 
E; let E be the unſliding body, which acts in the direction 
EE, and let the magnitude of the force with which it is 
urged, be repreſented by AE; from Z let fall the perpendi- 
cular EF upon 40; and the force AE will be reſolved 
into two, one of which EF vill be balanced by the op- 
poſite half of the wedge, and the other AH will be coun- 
teracted by the power; therefore the power is to the reſiſ- 
tance as AF to AE, that is, making AE N as che 
coſine of the angle AF to radius. Re ts 

When KE is perpendicular to BC, the power is to _— 
reſiſtance as AF to AE, that is, as the line of the ſemi⸗ 
angle of the wedge to radius. 

When KE is parallel to 4B, AF e that 18, the | 
boxer is roma. leſs than the weight. N 

N e When 
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When XZ is perpendicular to AB, EF vaniſhes, and 
AF and AE, Win 5 the ee and refiſtance become 
| 3 | 
3. When the reſiſting by 18 bithes r Cuſtained, 
nor adheres to the point to which it is applied, but 
ſlides freely along the face of the wedge, the power 
is to the ref ſtance, as the product of the ſines of 
the ſemiangle of the wedge and the angle in which 
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the reſiſtance i is inclined to its face, to the ſquare : 


E 8% 22A B 


of radius. | 
Fig. 11- Let AE be perpendicular to BC, ab let the body E 
| be urged againſt the face of the wedge in che direction XE; 
and let KE repreſent the magnitude as well as the direktion 
of chat force. On AE produced let fall the perpendicular 
KO, which will be parallel to BC; thus will the force KE 
be reſolved into two, one of which KO will carry the body 
down along the face of the wedge, and the other OE will 
5 urge it perpendicularly againſt it. Now the power, in cafe 
of equilibrium, is to GE, that part of the reſiſtance which | 
acts perpendicularly againſt the face of the wedge, as the 
fine of the angle ACB to radius; and OE is to the whole 
reſiſtance, as. OE to KE; that is, making KE radius, as | 
iche fine of the angle OR E, or its alternate KEB, to ra- 
dius. Therefore er æquo & components, the power is to the 
- reſiſtance, AS fine ACB X fine KE to the er of ra 
„%% oanog bd 1 
2 KE is 3 to BC, he. how of the FOR 
in which the. We 1s FOR. is EOS 8 therefore the 
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power is to the reſiſtance as 555 ACB X radigs to ſq i | 
that 15 as the fine of the ſemiangle of the wedge to ra- 
dius. | 
| When KE is 1 to 4B, the angle of „ is 
the complement of the ſemiangle of the wedge; and 
therefore the power is to the reſiſtance, as the product of 
the ſine and coſine of the nen of che wedge to the 
ſquare of radius. 5 ä 

When KE is ee e to 45, the as of „ 
is equal to the ſemiangle of the wedge, and the power is to 
the reſiſtance in a duplicate ratio of the ſine of the ſemi- 

1 of the wedge to radius. 

The theory of the equilibrium of the wedge 18 not of 
yery great uſe in practical mechanics, becauſe the wedge 
is. ſcarcely, Her otherwiſe urged than by percuſſion. In 
cleaving of Srood, the reſiſtance oppoſing the force of the 
mallet (ſuppoſing the fides of the wedge perfectiy poliſhed, 
and its edge a mathematical line) is the coheſion of the 


particles of the wood to be ſeparated; and this coheſion. 
being a ſpecies of preſſive force, acting againſt the ſides of 
the wedge, it is abſurd to attempt. to compare it with the 
percuſſive force of the mallet. For the momentum or per- 
cuſſive force of any body being as its quantity of matter 


multiplied into its velocity, it will be to its preſſive force, 


as that velocity fo nothing, that is, will be indefinitely 
greater, and therefore the leaſt percuſſive force will over- 
come the greateſt preſſive force; conſequently there never 
can be an equilibrium between them. But though how 
| great ſoever the preſſive force, and how ſmall ſoever the 
. pereuſſve 
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percuſlive Maier, the body will neceſſarily be moved by the. 
latter, at leaſt for ſome ſhort time; yet after the ſtroke is 
given, the preſlive force may quickly prevail, and urge 
back the body, which the other force had' driven forward. 
And this-would frequently happen in the cleaving of wood, 
ik the ſides of the wedge were perfectly ſmooth. For the 
weight of the wedge, and the coheſive force of the par- 
ticles of the wood, being homogeneous forces, may be in 
equilibrium; and if the weight of the wedge were not 
equivalent to that coheſive force, it would preſently be 
forced back from the place to which the impulſe of the 
mallet had driven it. It is chiefly the roughneſs of the 
ſides of the wedge, and of the ſurface of the wood, in con- 
tact with them, that* prevents the wedge from receting : 
it is that roughneſs too, and the bluntneſs of the edge, 
which ſometimes prevent the wedge from being moved by 
the ſtroke of the mallet. See Landen on the ne, 
Powers ; 
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. Tra a body act upon a perfettly ad and frnooth 
pg the effect pro a 0 upon the plane is in a 
direction perpendicular to its ſurface. 
Hence the reaction of the plane is alſo in a direction per- 
pendicular to its ſurface. | 
2. If a weight be ſuſtained upon an indived 
plane by a power whoſe direction makes an angle h 
with the plane, the power will be to the weight, as 
the fine of the plane's elevation, to the coſine of the 
angle which the direction of the een makes with 
the plane. | 
Fig. 12. Let the weight 4 be fuflained on the ;ndlined | 
plane CD, by a force acting in the direction AF, and let 
EA be perpendicular to CD; there are now three forces 


acting on the body 4, in the direction of the ſides of tlie 
triangle AEF, viz. che reaction of the plane in the direc- 


tion L | 
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tion EA, the . in the direction FE 1 
to the horizon, and the ſuſtaining force, in the direction 
AF. Therefore, in caſe of equilibrium, the ſuſtaining 
force is to the weight as AF to FE. = 
3. If the direction of the power be parallel. to 
the plane, the power will be to the weight, as the 
| height of the plane to the length. + 
Tor in this caſe AF: coincides with AC, and FE with CE. 
If the direction of the power be parallel to 
| 3 N the power will be to the weight, as the 
height of the plane to the baſe. 8 
For in this caſe AF coincides with AH, and FE with 
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LECTURE. My: 
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1. THERE will be an equilibrium in the ſcrew, 
when the power is to the reſiſtance, as the interval 
between two contiguous threads, in a direction 
parallel to the axis, to the circumference deſcribed 
by the power. 1 | 
All the ſimple mechanic engines, except the ſcrew, can 
be made to act upon each other, without the intervention 
of any other machine of a different ſpecies. But in com- 
poſition with other engines of different kinds, the ſcrew. may 
be applied with great efficacy... 
: "Wy In a machine compounded of any number of 
mechanic engines, the power 1s. to the- weight in 
a ratio compounded of the ratios of the power to 
the weight in each. 1 
In the theory of mechanics we ape 8 al planes verfect- 
ly imagth, levers to Rave no 1 cords to be perfectiy 
. pliable, | 


>> —_ . needs. t 


pliable, and all ſurfaces in contact to have no friction; the 
allowance to be made for the difference between theory and 
practice muſt be determined by experiment. 

3. If a heavy wheel be ſo attached to a machine 
as to acquire a revolution on its axis during the mo- 
tion of the engine, it will render the motion more 
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E eaſy and regular. | 
Becauſe the periphery of the wheel being of conſiderable. 
weight, when by the continued action of the power it has 
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been ſet in motion, its momentum becomes very conſider- 


able; and by its inertia it endeavours to preſerve that mo- 


RD —— 


tion; conſequently ſmall variations in the intenſity of the 
05 moving power, or in the reſiſtance, will produce no ſenſible 


is 
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jt 


variation in the motion of the loaded wheel; neither of 
_ conſequence in the motion of the * to which it ba ate 
tached. 
4. No force acting upon the parts of a machine 
and upon them only can x ove the whole a 1 ak 
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five motion. 
5. Machines never leſſen the whole force neceſ: 
ſary to perform any work, but are uſed either to 
diminiſh the force applied at once, by lengthening 
the time; or to ſhorten the time, by increaſing the 
force applied at once. 15 
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LECTURE XVII. 


„ 


| 1. IF a body move uniformly, the ſpace deſcribed 
may be repreſented by the area of a right-angled 
parallelogram, one of whoſe ſides repreſents the 
time of the body's motion, and the other its ve- 
: locity. | RE 

In computations relating to forces, motions, times, velo- 
cities, or ſpaces deſcribed, we generally conſider only the 
proportions of thoſe quantities to each other, and not the 
abſolute quantities; z in ſuch caſes our computations are 
much facilitated by ſubſtituting mathematical - quantities : 
5 inſtead'of phyſical, provided they have the ſame proportions 
to each other; and then we may transfer our reaſoning on 
the mutual proportion of the exponents, to the mutual 
proportion of the phyſical quantities which they repreſent. 
Thus in uniform motions, the magnitude of the ſpaces de- 
ſcribed depends on the velocities with -which the bodies 
move, and on the times of their motion, in the very ſame 
© manner 


98 Me.. Tak 
manner that rectangles depend on their baſes and altitudes; 
and hence, in our calculations reſpecting uniform motions, 
we may expreſs the ſpaces deſcribed by rectangles, whoſe 
baſes and altitudes have the ſame proportion to cach other 
with the times and velocities. 8 15 
2. Any force acting continually on a body in the 
ſame direction will produce a continual acceleration 
or retardation of its motion. 
3. If the accelerative force be conſtant, the elo- 
eity generated or deſtroyed will be directly as the 
time; or the motion will be uniformly accelerated 
er retarded. | 
. In uniformly accelerated or retarded motions, 
as ſpaces deſcribed may be repreſented by ſimi- 
lar right angled triangles, whoſe baſes expreſs the 
times; and altitudes the laſt acquired or initial x ve- | 
locities. LT: | 5 
5. The ſpaces deſcribed by bodies niko y ac- 
celerated in different times, are as the ſquares of 
the times, br of the laft acquired velocities, 27 
T7 Hence, ſince a body, by the force of gravity, deſcribes, I 93 
inches in 1“, if T be the time of a body's fall through any. 
ſpace 8, we have 12: Tat: * 193: e in inches; and ö 
V 193. 5 
6. If a body, projected ah Abt initial 8 
cities; be retarded by any given conſtant force until 
thoſe velocities be deſtroyed, the ſpaces which the 
. „„ | body 
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body deſcribes, will be as the ſquares © of the initial 
velocities. 
7. When bodies are 1 5 any accelerating 
force through different ſpaces, if thoſe ſpaces be as 
the ſquares of the laſt acquired velocities, the force 
of acceleration is conſtant. | 
8. When a body, projected with different ve- 
locities, is retarded by any force until the velocity 
be deſtroyed, if the whole ſpaces be always as the. 
| ſquares of the initial velocities, the retarding force. 

is conſtant. „ ö 
Hence, ſince the depth to which muſquet e or cannon balls 

of a given diameter and weight, penetrate into planks of 
wood or banks of earth, are in a duplicate ratio of the 
initial velocities, the force by Wann the wood and earth 
reſiſt, is conſtant. 

9. The ſpaces deſcribed 5 bodies uniformly AC- 
celerated from reſt, in the ſeparate moments of 
time, are as the odd numbers, 1, 3» 5» 7» &c. 

10. The ſpace deſcribed by a body uniformly 
accelerated is half the ſpace it would deſcribe, in the 
lame time, with the laſt acquired velocity continued 
uniform. 1 

Hence we derive an eaſy ane for determining the 
velocity Y acquired by a body falling from reſt, by the con- 


ſtant action of gravity, through any ſpace S; let a be the 


velocity acquired | in a ſecond by a body falling through the 


La, 8. chen a= =4h, a and V.: 2575 * F: ei therefore | 
22 618 ee 9 0 2 - * r | hrs 
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V 4 4+ Alſo = — but 8.877 therefore r 
4g 48 


whence V—2gT; thus ſince g=193 inches, when „ 
if Tbe the time in ſeconds, then V= 2X 193XT, in inches; 


and 2 755 1 in ſeconds. 
2193 


11. If moving forces communicate the ſame ve · 
locity in a giyen time to different bodies, they will 

be as the quantities of matter in the bodies moved. 

Hence, ſince all bodies, whatſoever be their weights, 
deſcend near the carth's ſurface with equal velocities, the 
 air's reſiſtance being removed, the force of gravity exerted | 

on bodies is proportional to their quantities of matter. 

13 The ſpaces deſcribed from reſt, ; are, cæteris 

paribus. as the moving forces, 17 8 

13. If a body fall freely by the ation of any 
force F, compared with gravity repreſented by 


5 | : wy | FO PO- 4 « 
unity, then S=gFT* ;V=a/4ag FS, and T= 
e 

e =: 795 

14. If the force Þ be we: it may be ſuppo- 


fed conſtant during an indefinitely little time ; and 
if F be the indefinitely little ſpace deſcribed in 
that time, and / the contemporaneous variation of 
the velocity, we ſhall have PF =28FS, 
| For, by the laſt article V; CE 122. fi, therefore Var 8 


75 I where v, fo and 1955 are conſtant quantities and 


and S variable z then taking. the leaſt contemporary Varia- 
tions, 2 7 ride and waking 7 che ones of gravity 


hn 
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= t, v = 265 and conſequently . s =, we have e | 


e 4b. 


1 5. The ſpaces Aid from reſt, by conſtant 

forces, are, cæteris paribus, inverſely as the quanti- 

ties of matter moved. . | 

16. Jn general, the ſpaces deſcribed from reſt are 

as the moving forces and the ſquares of the times 
directly, and the quantities a matter moved in- 

verſely. | 

17. If N repreſent the moving . and 2 the | 


quantity of matter moved, then = = 271 hence N | 


mY 2 
— M T's, = , /48MS 22. 
＋%;;!;;ññ;ĩ: ĩ è́?]§]ÿ?iß 


| 18. If the moving force be inverſely as the ſpace 
deſcribed from reſt, the quantity of matter will be 
inverſely as the ſquare of the Wy 


For V2.9 — MS, therefore if M:: 2 then 22 7 


19. The force with which a body deſcends along 
an inclined plane, is to the force of gravity, as the 
height of the plane to the length. : | 
20. If two bodies deſcend from the higheſt point of 
an inclined plane at the ſame inſtant, one of them 
will fall through the perpendicular height, while 
the other deſcends on the plane to the interſection 
of a perpendicular drawn from the oppoſite angle. 
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Fig. 13. en C the right angle let fall the eter | 
CT upon the plane BD; complete the parallelogram 1CBE, 
the body at B is-aQted on by two forces, its gravity and 
the reaction of the plane, whoſe direction and magnitude 
are repreſented by the lines BC, BE; therefore by their 
joint action, it will deſcribe the diagonal BI of that paral- 

| lelogram, in the ſame time that | it would Lolcride BC by 
the ſeparate action of gravity. | 


21. If the diameter of a circle be bereiten 
to the horizon, and chords be drawn from either 
extremity, the times of deſcent down all the chords 
will be equal. i 

22. The velocity of'3 a bats deeending along an 
inclined plane is uniformly accelerated. 3 

23. The velocity acquired in deſcending along 
an inclined plane! is equal to that which it would 
acquire in falling freely through the altitude. 

24. The velocity acquired in deſcending along 
a ſyſtem of inelined planes is equal to that which 
would be acquired i in lalling oo through the alti- 5 
| tude F 

25. The velocity acquired by -4 21 3 
the arch of any curve is the ſame with that which 
would be acquired i in falling through its altitude. 
2856. The velocities acquired in deſcending through 
different a Arcs of the fame N are 25 the chords 
of. the bo „ 


L. 18. mne v 


27. The time of a body's deſcent along an in- 
clined plane, is to the time in which it would fall 
freely through 'the altitude, as the 1 to the 
height. 

28. The times of deſcent a a. 
planes, or ſyſtems of inclined os are as the 
{quare roots of the lengths. 

29. The times of a body's deſcent 806 f milar 
arches, ſimilarly fituated with reſpect to the horizon, 
are as the ſquare roots of the arches. : 


eee 
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1. Ir A pendulum vibrate in the arc of a circle, 
the velocity of the ball, at the loweſt point, will be 


as the chord of the arc, which it deſcribes in its 195 | 
| ſcent. | os 


Ys The force which celerates a pendulum, is to 
the force of gravity, as theè ſine of its angular diſ- 
tance from the loweſt point to\radius. 


3. If the circular arc be incr aſed, the time of 
vibration will alſo be increaſed. 

If the force accelerating the . increaſed in the 
ſame proportion with the arch to be deſcribed, the oſcilla- | 
tions would be iſochronal; but the accelerating force, in 
reality, increaſes as the right ſine of the arch; and the fine 

of an arch increaſes in a leſs ratio than the arch itſelf ; there- 

fore the force which accelerates a pendulum increaſes in a 
leſs ratio than it ah in order to render the vibrations 


\ 


Rochronal | 
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ifochronal | anliof, conſequence, the time of e in a 


larger arch is longer than in a leſs arch. 1299 f. 


4. The times of eee in very 5 ſmall circular 
arcs are very nearly equal. 215398 

3. If a circle roll upon 8 mae lige, 2ny- point 
ol its een will deſcrihe;s ces, called a cy 

den SULY ein 0 Hit Th ho 0g DG 
6. If a circle be geleribed Udon ag axis ww a Cy- 
cds and an ordinate be drawn from the axis paral- 
lel to the baſe, the part of the ordinate intercepted 
between the circle and the cycloid will be equal to 
the arc of the circle intercepted between the Vertex | 
and the point where the ordinate meets it. EAR 
7. The chord of the above mentioned arc of the 
circle is parallel to a tangent to the eyclold: With 
| Point where the ordinate meets . 

8. The cycloidal arc intercepted W this ver- 
tex and the point where the ordinate meets it, is 
double of the chord of the conteſponding x circular 
arc. 


+4 


59 11 two equal ame be joined at their. 


baſe, and have their vertex downwards and axes 
vertical, and a pendulum equal in length to one 
of them be ſuſpended from the point where they 
touch, nad vibrate edlen bene it will deſcribe a 
cycloid. e F 


„„ 2 21 


"ke If. a | addon deſcribe: an arc of a coca 
its velocity at any Point varies as the right ſine of 


P - | A circular 


„ | MECHANICS. L. 19. 


A circalar arc, whoſe diameter is equal to the arc of 
the cycloid deſcribed, and verſed fine _ to the 
ſpace paſſed over. „ 

11. The accelerating force of a i vi- 
brating in a cycloid varies as the arc of ne 
from the loweſt point. 

12. The time in which a pendulum 3 in 
a cycloid i is to the time in which a body would de- 
feend down the axis, as the circumference . a cir- 
cle to its diameter. | 

13. All the vibrations in dhe fame cxcid are 
| performed 1 in the ſame time. 

14. Pendulums of the ſame length irate: in 
equal ares in the fame: time, whatever be their 
weights. Mts 72. Fon N 

15. The time of an ofeilanioh' in an indefinitely 
little circular arc, is to the time in which a body 
would fall through half the tength of the pendu- 
lum, as the de W a | circle to its diame- 
ns 5 

16. The kinde of deſcent down an indefthitely 
1 little arc, is to the time of deſeent along its chord 
as 3.1416 to 4, or as the perighery © of a circle to 
four times the diameter. 

17. The time of vibration, in any given latitude, 
is as the nen root . Naga we: of the pendu- 
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For the time of vibration is to the time of deſcent through 
half the length of the pendulum in a given ratio. 
18. If a clock keep true time very nearly, the 
variation in the length of the pendulum neceſſary 
to correct the error, will be equal to twice the pro- 
duct of the length of the pendulum and the error 
in time, divided by the time of obſervation. 


„ .S 


Let T denote: the time of vibration, L the length of the 
PIR EY and T the indefinicely- little variation of time 
produced by F the indefinitely little variation in the length 
of, the pendulum; then. T: ; 7 ＋2 777. by 1 L. 
+ L; but T* is indefinitely little with reſpect to T, anc 


therefore may be negleQed, a dividing by T., we have 


75 27; :L: ber ee, but the ener f in the time 


7, 1s to the error 1 . the time of obſervation * as T to 7j | 


* 
ft x 


therefore L = =2 p * hy n 


19. In elocks whoſe pendulum rods are metal. 
lic, and keep true time very nearly, the error in a 
given time, occaſioned by any given ogy of te tem- 
perature, will be the fame.” e e 


r 
# 


. For 7 being given, 255 4278 ; but 5 the variation. in a the 
den of a metallic. wars, by the variation of e 

direct as L its length. 291015 | 
„„ ſpace 3 Ahich a 1305 Falls in 
the time of the vibration of any pendulum, is to 
| W half 


half the t length of tue pendulum; in” tds duplicate 
ratio of the periphery of à circle to its diameter- 
A pendulum vibrating ſeconds is found to be 39.1 Eng- 
üſh inches be ks the pace deſcribea by b 


? 


3 18193 ar 4 12 1+ Þ reac £5 
body in a ſecond' 5 39-1X 3. 8 1933 inches. | 


1 Ag 3 5 ft frir! 77117 rm" 


The beſt method of aſcertainifi 
lum is that which was firſt propoſed by Mr. Hatton, and af - 
terwards executed by Mr. Whitehurt. It conſiſts in the ap- 
plication of a moveable point of ſuſpenſion; to the ſame 
pendulum; which chus gives the abſolute effect of two pen- 


*7 * 1 1 >» *. 
A n 4 
4 *. * } ft — 


- dulums, the difference of whoſe lengths! 18 known, being. the 

interval between the points of ſuſpenſion in the two caſes; 
and che ratio of their lengths is alſd Known from obſerving 
the number of vibrations performed in a given time. 
hence, were being two "equations and two unknown quan- 

tities, the actual Jengths % the, LL Ha themſelves, are 
eaſily deduced. TD 


21, The times in which: different SIT vi. 
brate in very ſmall arches, are to each other in a 
ratio compounded. of the ſub· duplicate ratio of the 
lengths of ;t he. pendulums directly. and the ſub- 
quplicate ratio of the dee bees af nme in 
. 


N 111 * Tg ' 


7 bh Hence, ”y the Vacs Wed 3 ne e 5 gooey » are 
direAy: as the lengths of the pendulums. 55 10 fig: 
22. The particles of matter Se dne 
. revolving has an hm Us „by their inertia, 
$3} *- FF; U 90 Nin 363 1165 20% 9182 To 9771273 the 


. CxS ; 
» „„ ; - 10 Won — 


— 
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the communication of motion to any given point, 
with forces which are as the particles themſelves 
and the ſquares of their ante from thy: axis « 
motion. jointly oe nee odd lo 2nd 5, 
Fig. 14. Suppoſe à force F del at oi Di in or- 
a0 to communicate motion to a ſyſtem of particles, each of 
which 4 is P/, revolving at determinate diſtances round the 
centre of- motion 8. Let D be a quantity of matter which, if 
concentrated in D, will have the ſame effect in reſiſting the 
communication of motion to the point D, by its inertia, 
when the particle P is removed, as the particle P revolving 
at the diſtance PS. The effect of the given force F, „ 
applied to; the point D, to more a body at that point, 
is to its effect to move a body at P, inverſely as theſe 
diſtances, or as PS to DS; and if theſe bodies be 
moved with equal angular velocities, their diſtances from 
the axis will be as the ſpaces deſcribed in EY given time; i 
therefore the moving forces are inverſely as the ſpaces | 
deſcribed; conſequently the quantities of matter muſt 
be inverſely as the ſquares of the velocities, Art. 18. 
Left. 18. that is, uy as the ſquares of the diſtances from 


1 145 „ene n iin 
che axis; that i is, 1 P: : Pda: Des, and 925 . 


that; is, the rehſtance of Pat the . P85 is equivalent 


| to the reſiſtance of the maſs Eel * at the diſtance DS; 
Fri VO 2 2 r 13 I13 
and the reſiſtance of all the particles, or of 


£ F Vie iT LS EN ET 2 A. T'F 
10 GM! 1 HILLS : 73-2 Sy 


ts Tok 4 oops 


the whole Tevoly- 


4% | 5 -$ ＋ 5 2 


ing body 18 equal to the lum of all the” quantities 25 8 


25. "The force 9 accelerates the point D of 2h 


Ii 1 Nr 


— 


EY 5 5 any 
2 4 K 4 q 4 ö . 
4 . ö . : - 4288 


1 the ſum of all the De 
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any body revolving on an axis, to which point that 
force F is applied, is equal to the product of th 
force into the ſquare of the diſtance Ds, divided 
by the ſums of the products of all the particles into 
the ſquares of cheir e N 7 in 8 FIR: 


S centre of motion. Ar r Bit Fr 


Px P82 nd 
55 ; an 


| the moving force is F.: : but the accelerating force is had by 
 _ dividing the moving force ws the Fs. which therefore is 
F DSz TOs Hh to 2 
PRP$*:. 
24. The centre of oſcillation'i is that Joint in the 
axis of a vibrating body, in which if all the matter 
of the ſyſtem were collected, any force applied 
there would generate the ſame angular velocity i in a 
given time, as the ſame force at the centre of x gra- | 
vity, the parts of the ſyſtem e in their re. 
ſpective places. . 5 3 
Hence the centre of oſcillation ley in a right line, paſſing 
through the centre of e and eee to the 


For we maſs moved j is the hn of al 8 


HD axis of motion. 


235. If the ſum of the en of docks particle 
of a pendulum multiplied into the ſquare af its diſ- 
tance from the centre of motion, be divided by the 
' weight of the whole multiplied i into the diſtance of 
the centre of gravity from-the axis of motion, the 
quotient will be the diſtance of the centre of oſcilla- 


tion from the fame point, N 
Us, . 
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The motive force of che pendulum ; is its a mul- 
apfted into the ſine of the angular diſtance of the centre 
of gravity from the loweſt point, and divided by radius; 
this force, which call F, acts at the centre of gravity. 
The force which accelerates the centre of. gravity D is the 


| Fe DSZ 
f F all th 
um o ne Px ÞPg2 FIT 


—_ 0 the centre of oſcillation 3 is. ER lum of all the 


EX 4 DSX O Qs. 
7 * 7 | 
tances of theſe centres from the axis of motion. "Now if 
M, the ſum of the particles, were collected i in O, and the 
. force applied there, the force acceleratin g O would be 


75 and therefore | the force which ac- 


ö , the accelerations 1 ne as the diſ- | 


= . But the force accelerating O, in this caſe, muſt be 


equal to the force accelerating O, when Fi is applied at the 


F Fx DSX OS 
centre of gravity, that 1s. 1 ſum of all ue 5 8 


PX PSE 
8 OS=the FS of all the 155 


26. In a compound pendulum, conſiſting of ſe- 
veral bodies revolving round a common axis, the 
centre of oſcillation is thus determined: add toge - 
ther the ſeveral products of the weights of each 
body into the diſtances of the reſpective centres of 
gravity and oſcillation from the common centre 
of motion, and divide the ſum by the product of 
the whole ſyſtem into the diſtance of the common 


centre of gravity from the axis of motion; the 
| quotient 


— 
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quotient will be the' diſtance oh they centre of —_ 
lation from the fame axis. 
From the laſt article it appears, that the fri of all the 
C products, in each part of the compound pendulum, which - 
are formed by multiplying each e the { ſquare of 
its diſtance from the axis of motion, i8 equal to the pro · 
duct of the diſtances of the centres of oſcillation and gra- 
| vity of that part from the fame axis into the whole weight 
of that part; therefore the ſum. of all che Fx PS in the 
whole pendulum i is equal to the ſum of all the products in 
| each part of the pendulum, which are formed by multiply- 
ing the weight of each part into the product of the diſtances 
of che centres of oſcillation and gravity of that part from 
the common axis of motion therefore if this latter ſum be 
diyided by the produẽt of the weight of the compound 
| Pendulum into the diſtance of the © common centre of | gravity 
from the axis of motion, the quotient, by the laſt article, 
will be the arg — gs centre of are e from the 
ſame au is. „ met n 
| 27. The centre _ 1 IOY is a point; in which 
if all the matter contained in a revolving ſyſtem 
were collected, any point to which a given force is 5 
applied to communicate motion, would be accele · 
rated in the ſame manner, as when the parts of the 
ſyſtem revolve in their reſpective places; and con- 
ſequently the angular velocity In in a * 
Hays” in. VR h caſes, | 18 e 


: #2 | 15 2 


FW. 


28. If 
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28. If P denote each particle of which a body 1s 


p revolving on the axis S, the diſtance of 
the centre of gyration R from that axis will be equal 


Px P88 


wp the ſquare root of the ſum of all the 


bo any foros F be neh to move the body, at any diſ- 


tance S D from the axis. If the force which accelerates a 


given point be the ſame in any two caſes, the abſolute ve- 
| locity of that point, generated in a given time, muſt be 
the fame'; and conſequently the angular velocity of the 
body will be equal in both caſes. The force which acce- 
F * Dos 

Px PN 

now lot M be concentrated in R, the centre of gyration, and 


1 3900, 
the "ALS. which accelerates D will be = — Ix 72 © Theſe 


lerates | the point D is = the ſum of. all -thet S050, 


forces are equal by the hypotheſis; 5 a is, the ſum ot all 


2 Fx D882 
FPR = - = "ISR: IT, therefore $R2 = furs of all the 


P x P$3 
AM. # 
tity. 


; Tag SR equal to the . root of that quan- 


Thus if a ſlender rod, whoſe length SP —a, -revoles 


on the point &, the diſtance of the centre of gyration from 
that point will be . for let SD x; then the 


282 ” 


5 | | 80 
; ſum ann al the wed > at m =the fluent of = — ps 


when x = 4. 
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Fig. 27. EY a circle or cylinder &DB revolve on its cen- 

tre or axis 8, and the radius $D = 7, the diſtance of the 

wr pyration from the centre ot axis will r 

for let 8 AI == x, and S the periphery of a circle 8 

diameter is unity; then the circumference of the annulus 

whoſe radius is E = 2px, and its area = ap-; and the area 


PS NKF * ND * 3 
— = the fluent of r 2 77, when 


* r. = 
In the ſame manner, if a wake. whoſe radius is #, re- 
volve about one of its e the diſtance of the cen- 


tre of gyration from ths centre will be = 12 2 

29. The diſtance of the centre of . from 
the axis of motion is a mean proportional between 
the diſtances of the centres of oſcillation and gra- 


vity from the ſame axis. 


Px PSE 
Fig. 14. For OS = the fam of all the 75 5 F? 
Px PSE | 


08x S um of all the — SR. 


thetefe ore 


When the axis of motion paſſes through the centre of 
gravity, the above centre is n. The ae. centre of 
Gyration. | 

30. The diſtance between the centre of gravity 


and principal centre of gyration is a mean propor- 


— 


tional 
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tional between the diſtances of the centres of mo- 
tion and ofcillation from the centre of gravity. 
For PS% = FD A. DSA + 2PDS, therefore OS — 


But from the nature of the 


centre of gravity, / PxPD, on each fide of D, are equal, 
and becauſe 2DS is conſtant, the ſum of all the + 2PDS$ 
So. Moreover, 7 Px DS? MN Ds, therefore OS —= 


3 PXxLPD3_. 
Of 4h ge and OD = = DS 8 


I. 3 — that is the diſtance between the centre of gra- 


vity and principal centre of gyration, is a mean proportional 
detween OD and DS. | 

3r. If the centre of oſcillation be made the point 
of ſuſpenſion, the point of ſuſpenſion will become 
the centre of oſcillation ; the plane of vibration 
being ſuppoſed to continue the ſame, 

When 8 is the point of ſuſpenſion, the diſtance of the 
centre of oſcillation from the centre of gravity = OD = 


4 FIDE 1 28 appears f from the demonſtration of the laſt 


article; and when O is the point of ſuſpenſion, x the diſtance 
of the centre of oſcillation from the adorn of gravity = 


þ 475 50 therefore 8 2 - DS, and the diſtance of the 


centre of ofciltation from O = SO. 
32. The time of vibration will be the leaſt poſe 
ſible, when the axis of motion paſſes through the 


ee centre of gyration. i 
Ff. 
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Let the e of the axis of ſuſpenſion, the prin- 
cipal centre of gyration, and centre of oſcillation from the 
centre of gravity, reſpectively, be x, r, and y; then xy D rA 
a conſtant quantity; therefore oy y. the length of the pen- 
dulum, is leaſt when x = = y = 7, by prop. 4. Elem. 2. 

33. When a pendulum is at reſt, if a body im- 
pinge on it in an horizontal direction, the ſame ve- 
locity will be communicated to the point of im- 
pact, as if the maſs of the pendulum were remo- 
ved, and inſtead of it an equivalent maſs were con- 
centrated in the point of impact, the quantity of 
the equivalent maſs being to that of the pendu- 
lum, in a duplicate ratio of the diſtances of the 
centre of gyration, and me point of impact from 
the axis of motion. | TH 1 
Fig. 15. Let ABCD e a pendulum, whoſe. axis 
of motion is 8,” and let any impact be impreſſed on the 
point F, in an horizontal direction, and perpendicular to 
the vertical plane ABC, the pendulum being at reſt; alſo 
let © be the quantity of matter which being concentrated i in 
E, the ſame angular velocity will be communicated by the | 

impact, as when I the weight of - the body i is concentra- 
ted i in R the centre of gyration. Since the particles of mat- 
ter which compoſe the pendulum reſiſt, by their inertia, 
the communication of motion with forces which are as 
the particles themſelves multiplied into the ſquares of their 
diſtances from the axis of motion, and ſince the reſiſtances 
in the two caſes muſt be equal, we haye W * $R3 = 


SRE 5 


8 5 Hence 
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Hence the velocity of chen impinging body 11 may be 
determined; let v be the velocity communicated to the point 
| of impact; then, by th the laws of the colliſion of non-elaſtic 


| bodies, MM: . 2 v: 72 = e To determine 


— * 


v, meaſure the arc deſcribed by © the centre of oſcillation | 
in its aſcent after impact: Jet its verſed fine be ; then the 


velocity of the centre of oſcillation at its loweſt point = 
Age, by Art. 10 and 25, Lect. 18. and the Ty of 


the point of impaQt = = wa 50 * Hagr- 4 r · 


34. If motion a „ by a hanging | 
e to a ſyſtem revolving on a fixed axis paſſing 
through the centre of gravity, and the moving 
force a& always at a given diſtance from the axis 
of motion, it will generate in the revolving ſyſtem 
the ſame 0 —5 as it would acquire in the ſame 
time by falling freely by its gravity from a ſtate 
of reſt. 

Fig. 16. Let ABC repreſeat a body moveable round its 

centre of gravity 8, thro' which an horizontal axis of motion 
paſſes; let R be the centre of gyration, p the weight of 
| the body which gives motion to the ſyſtem, by means of a 
line DP wound round the circle DEF, and wv the weight 
of the ſyſtem. Let the diſtance of the centre of gyration 
from the axis SR = x, SD = =E; ” inertia of the whole 


yſtem i is equivalent to the * — uniformly diffuſed 


9 the periphery DEF, every point of which moves 
4 with 
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with the fame velocity with pz the moving force is þ, chere- | 
| po | 


fore the accelerating force is 


) þ being * deſ- | 


titute of inertia, or „ leſs than the weight of 
the n nn, © in the time z, the velocity generated in the 


point D or 4 witt be = — ; which multiplied into the 


| quantity of matter , , gives 2gth for the whole je quanie 


of motion AY 

Again, if þ were to deſcend by the force of gravity u un- 
impeded, it would acquire, in the time t, the velocity 2g7; 

which multiplied into the quantity of matter p, would eire 

2gtp, the ſame quantity of motion as before. 

Hence it follows, that the permanency of motion, eſti» 
mated by the product of the quantity of matter and velo- 
city, obtains in bodies which revolve on, fixed axes. 


LECTURE 


-. ot 


MECHANICS» 


LECTURE RX. 


1. IT HE centre of Pereuſſion is that point in a 
body revolving about an axis, at which if it ſtruck 
an immoveable obſtacle, all its motion would be 
deſtroyed, or it would incline neither way. 
. ig. 17. If during the vibration of a ſyſtem of bodies round 

a fixed axis, ſuch an obſtaele be oppoſed to any point O, as 
entirely to deſtroy the motion of that point, every other 
particle of the ſyſtem will endeavour, by its inertia, to pro- 
ceed in the direction of its motion, that is, of the tangent 
of the circular arc it was deſcribing, the inſtant that O was 
Kopped, Theſe forces will therefore act on the ſyſtem, 
to turn it round O, and if the ſum of the forces on each 
fide of O ſhould be unequal, the motion of the ſyſtem will 


not be deſtroyed , when O is . but ſince the forces 
which 


4 
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which act on the pendulum between O and S, have an ef- 
fect to continue the motion of the ſyſtem, contrary to thoſe 
which are impreſſed on the other ſide of O, if che point O 
be ſo ſituated, that the ſum of the forces to turn the ſyſtem 
round O, on each ſide of that point, may be exactly equal, 
the inſtant that O is ſtopped, the whole motion . the pas 
tem will be deſtroyetn. | 

2. If a pendulum vibrating with a given angu- 
lar velocity ſtrike an obſtacle, the effect of the im- 
pact will be the greateſt, when it is made at the 
centre of percuſſion. Fo 

For in this caſe, the obſtacle receives the whole revol- 
ving motion of the pendulum ; whereas if the blow be 
ſtruck in any other point, a part of the pendulum's motion 
will de employed in endeavouring to continue its rota- 
tion. | „ . 
35 If a body revolving on on an axis, ie an im- 
moveable obſtacle at the centre of percuſſion, the 8 
point of ſuſpenſion will not be affected BY the 


ſtroke. Wy . 
4. The diſtance of the centre of 00 "TEM | 
the axis of motion is equal to the diſtance. of the 
centre of oſcillation from the ſame. e bs 
Fig. 17. Let & be the axis of motion, & the common centre 
of gravity, and P one of the particles compoſing the ſyſtem; 
draw SGOL, ſince the angular motion of all the particles 
is the ſame, the abſolute velocity will be proportional to the 
diſtance from the axis of motion; and if in the diſtance 1 
the velocity be expreſſed by unity, the velocity of P will 
| N | be 


* 
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be = PS, and the quantity of motion = Px PS, which 


will act in the direction PR perpendicular to SP; produce 


PR to D, and let fall on it the perpendicular OD from 0; 


then will Px PSX OD be the force of the particle P to 
move the ſyſtem round O. But, becauſe of fimilar triangles, 


DO =  PSX RO =PS * OW 3 and if PA be perpen- 


— . ̃ ĩ GR 


RS RS 


Able to . we {hall have SA= | Eee Therefore the 
ſame entire force=Px 1 * * 4 * 80 — 


P PSa. But ſince O is the centre of percuſſion, the ſum 
of all the P x SA x $80 = the ſum of all the P P82, 


therefore $0 = ſum of — = 5 = 2 the ſum of all 
ne PXPS* | 
me 8 


This demonſtration ſuppoſes, chat the centre of percuſ- 
ſion is required i in a plane paſling through the axis of mo- 
tion and centre of gravity. If it be required in any other 
plane as "8, paſſing through the axis of motion, from G 
the centre of gravity let fall the perpendicular Gg on So; 
and by the ſame argument as before, Sr the ſum of 
ED B _ of all the = and 55 80 15 
68: 28, and the angle OS. the angle GgS, which there- 
fore is a right angle. ; 1 

Hence it follows, that a body has various centres of per⸗ 


euſſion, according to the plane paſſing through the axis of | 


motion in which the impact is made; and the right: line 
2 is their Locus. 
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g. The centre of percuſſion does not always lie 
in a right line perpendicular to the axis of motion 
and paſſing through the centre of gravity. 

pig. 18. Let the triangle ACB vibrate on the axis Cn 
Parallel to the baſe AB; let G be the centre of gravity, 
SSE perpendicular to AB, and Ax DEB parallel to the 
ſame, and therefore parallel to the axis. Let the perpendi- 
cular CL = . AB=a, DL = d, and SE = y; then 


0 
GE = — 2 P, and therefore DE = — X y — 3 P. 


Fd 
The ſum of all the x x oe in the line 4 E = e ub 


of all Ta x X nz x Cn, in EB = n X = ; therefore 
the difference or efficacy of the line AEB to turn the plane | 
about SE = SE x © BY (SE x4B*2D'E 
Whence the Arion of the ſum of the efficacy = SE' x A 


* DE x flux. of S K X Jp. The ſlu- 
ent, which has no correction, . gone”; which 
7 = 
: when . Lenore . 5 : therefore the triangle is not 
balanced on SE, 8 who d—'o, or the triangle 3 is Ifo> 

| ſceles. 

To and the ee of the centre of percuſſion from the 
PP: paſſing through the centre of gravity, and perpendi- 
cular to the axis of motion; See Hydroſtatics, Lect. 2. 

6. The centre of ſpontaneous rotation is that 
point which remains at reſt, the inſtant the body 
is ſtruck, or about which the N begins to re- : 
volve. | 


7. The 
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7. The eentre of ſpontaneous rotation is the 
ſame with the centre of ſuſpenſion correſponding to 
the centre of percuſſion, the centre of percuſſion 
being that point where the body is ſtruck. 

For the action of the body againſt an immoyeable obſta- 
de f in the centre of percuſſion, muſt have the ſame effect 
| upon the body, as if the body had been at reſt, and the 
obſtacle had ſtruck the body; in which latter caſe, the 
centre of ſuſpenſion would not be affected, and webe it 
becomes the centre of ſpontaneous rotation, | 

F - If an impact be made on any point of the axis 
of a ręgular body, and that point be conſidered as 
the point of ſuſpenſion, the correſponding centre of 
oſcillation will be the centre of ſpontaneous rotation, 
Becauſe if the centre of oſcillation be made the point 
of ſuſpenſion, the point of ſuſpenſion will become the cen- 
tre of oſcillation ; and the centre of oſcillation is the ſame 
with the centre of percuſhon, in the axis of a regular body. 
9. Tbe poſition of the centre of ſpontaneous ro- 
tation does not depend on the magnitude of the 
impact... - - 

10. The rotation round the centre of ſpontane- 
ous converſion is cauſed by the different velocities 
communicated to the different points of the ſyſtem. 

Fig. 19. Let the inflexible rod RS, whoſe centre of gra- 
vity is &, be ſtruck in the point F, and in the direction DF 
perpendicular to RS; ſince the impact is direct, it cannot 
be reſo]ved, but muſt be entirely communicated to the parti- | 
ticles, endeavouring to move them in directions parallel to 
DF. ow when the impact is made on 2. in the direction 
S 5 DF, 
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DF, the particles will reſiſt in the contrary direction, and 
the point of impact will become a fulcrum, the particle 
$ acting by the lever SF, and the particle R by the lever 
R; hence if theſe levers be unequal, the reſiſtances will 
be ſo likewiſe, and fince the reſiſtance on the ſhorter lever 
FS is leſs, that extremity « of the rod will move faſter than 
| the extremity R. But the points 8, G, R muſt begin to 
move in the direction of the impelling force, that is, in a 
direction parallel to DF; and becauſe the determination of | 
motion once impreſſed on the centre of gravity, is not 
altered, except by the impulſe of external force acting in 
ſome other direction, it follows that the direction in 
which the centre of gravity & proceeds from the very be- 
ginning of its motion, will be perpendicular to the line RS; 
and the point S moving faſter than R, the rod at the ſame 
time will Tevolve round ſome point, Which 1s CUR the 
centre of Spontaneous Converſion. + 


11. If a right line be drawn through the centre 
of gravity of a body, to whatever point of this line 
the impact be applied. the velocity of the centre 
of gravity will be the ſame. | 

Fig. 20. To whatever point of 2 the ſame force F is 
applied, the incipient motion 9% SYP Pp of the two 
particles 9, P, connected by the inflexible line 9P, will 
be the ſame, by the ſecond law of motion; ; and conſe· 
quently, the velocity of the centre of gravity, or Ge, is 
always the fame as if both particles were placed at G, and 


| ated on by the ſame fires for Gg = e 29 


by the nature of the centre of gravity. 
OD | „ Hence 
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Hence the permanency of the ſame quantity of motion 
we in rotations round a centre of 5 Gyra- 
tion. 

21 If the impact be made in a direction paſſing 
through the centre of the impelling body, the ve- 
locity of the centre of gravity of the body ſtruck 
will be equal to the product of the quantity of 
motion of the impelling body into the diſtance 
between the centres of gravity and ſpontaneous 
rotation, divided by the ſums of the products of 
the impelling body into the diſtance of the point 
of impact from the centre of rotation, and of the 
impelled body into the diſtance between the centres 
of rotation and gravity. _ 

Let the quantity of matter of the} impinging 1 bs | 
D, its velocity , B the quantity of matter of P the 
body which is ſtruck, in the direction DF paſſing through 
the centre of D, g the velocity of the centre of gravity, 


and S the centre of ſpontaneous converſion of P; then 
BG: F: 8: the velocity of F, which is therefore = 


1 5 xs, therefore 7 — * the ee loſt by D, in 
P—SFx 2 


po den DF; and (3 law of Hate AN — 5 


. 


„ D x e = By and g 
ROOD 


Dx 1s 


Bade Der | 


8 
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. D be very fmall with reſpect to B, the reli of the 
eentre of gravity will be = . 55 


13. The angular velocity of the centre af: the 
ſyſtem round the centre of gravity, when the im- 
pelling body 1s indefinitely leſs than the ſyſtem, 1s 
equal to the momentum of the impelling body 
divided by twice the product of the maſs of the 
impelled body and the diſtance between the centres 
of gravity and ſpontaneous gyration into the peri- 
phery of a circle whoſe diameter is unity. . 
If a fixed axis paſſed through 8, the centre of gravity 
would deſcribe a circle whoſe radius is SG, with the velo- 


Jocity IX But the centre of gray; not being fixed, 


| will go on in the direction of its firſt 5 ; and if no 
rotatory motion had been communicated to the ſyſtem, 8 
| the line P2 would have moved into the poſition XZ, pa- 
rallel to PS; but the angular motion about 9 == ©3þ = 
x2, the contemporary angular velocity round the centre of 
gravity z the motion therefore of the ſyſtem will be com- 
pounded of the uniform reCtilinear motion of the centre 
of gravity, in the direCtion Gg, perpendicular to RS, and 
the angular- motion generated round- the centre of gravity. 
Now ſince the periphery of a circle whoſe radius is SG — 
ap SG, p heing the periphery of a circle whoſe diameter 


is unity, we have this analogy, 3 : 2þX8G : : one ſe- 
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cond; the time of one revolution in ſeconds = 


— DF 
ang 
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and conſequently, the number of revolutions or parts of a re- 
volution in a ſecond, or the angular velocity = IETF 

14. The centre of ſpontaneous converſion, dur- 
ing the motion of the ſyſtem, deſcribes the com- 
mon cycloid. 

For the motion of any point in the lem is compound- 
ed of- the uniform rectilineal motion of the centre of 
gravity, and of the angular motion generated round that 
centre; but the velocity with which the centre of ſpon- 
taneous converſion would move round the centre of gra- 
vity, if there exiſted a rotatory motion only in the ſyſtem, 
would be equal to that, with which the centre of gravity 
would move round it, if the centre of ſpontaneous con- 
verſion were fixed; ſince therefore the centre of ſpontane- 
dus converſion has both a rotatory and progreſſive mo- 
tion, each of which is equal to that of the centre of . 
vity, it will deſcribe a e | 


* 
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Tn. are inadequate 6 to che accurate 
ment tie of time. ä 

2. Clockwork, regulated by a ſimple G 1 
inadequate to the accurate menſuration of time. 

3. Clockwork, regulated by a pendulum vibra- 
ting in the arch of a circle, is inadequate to the 
accurate menſuration of time. 


iſt. Becauſe the vibrations in greater and ſmaller arches 
are not performed in equal times. 2dly. Becauſe the length 


of the pendulum 1s varied by heat and cold. 

4. Clockwork, regulated by a pendulum vibra- 
ting in the arch of a cycloid, is inadequate to the 
accurate menſuration of time. 


The 
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The Anis of the vibrations of 2 ie pendu- 
lum in greater and ſmaller arches, is true only on the hy- 
potheſis, that the pendulum moves in a non-reſiſting me- 
dium, and that the whole maſs of the pendulum is con- 
centrated in a point, both of which poſitions are falſe. - For 
theſe reaſons the application of the cycloid in e has 
been entirely relinquiſhed. 

35. Modern time - keepers owe almoſt the whole 
of their ſuperiority over thoſe formerly made to 
two things. 16. The application of a thermometer, 
247, The particular conſtruction of the eſcape- 
ment. LT, 

6. Metals expand by heat and contra by cold, 


This is proved experimentally by the pyrometer. Me- | 
tallic bars of the ſame kind are found to expand in propor- 


tion to their length. Metals of different kinds expand 


in different proportions; thus the expanſion of iron and ſteel 


are as 3, copper 41, braſs 5, tin 6, lead 7. Hence pen- 
dulum rods, expanding and contracting by the ſucceſſive 


changes of temperature, affect the going _ the bees: to 


which they are applied. 


Various have been the contrivances to correct the errors 
of pendulums from their contraction and expanſion by heat 


and cold; which however may be reduced to four general 
claſſes, the mercurial, gridiron 4 lever, and gibbet pendulums. 
7. If a metallic pendulum rod be attached to a 
hollow glaſs cylinder, partly filled with mercury, 
inſtead of a bob, the variation of the length of the 


„„ | - pradulum 
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pendulum produced by the expanſion or contrac- 
tion of the rod, will be corrected by the expanſion 
or contraction of the mercurial column contained i in 


- . ? 


the glaſs cylinder. | 
The defect of this thermometer ſeems to ariſe from the 
expanſion of the mercury COME FORE than the ex- 
panſion of the rod. . 
8. If a pendulum be compoſed of an odd num- 
ber of bars of two different metals alternately diſ- 
poſed, fo connected that the ball, which is attach- 
| ed to the middle bar, ſhall be carried down by the | 
expanſion of every alternate. bar beginning from 
the extremes, and upwards by the intermediate 
bars; then will the expanſions of all the bars to- 
gether correct each other, provided the length of 
the ſum of all the alternate bars from the middle is. 
the extreme bar on either fide incluſive, be to the 
lengths of the intermediate bars, inverſely as the ex 
panſions of the metals of which they are compoſed. 
The principal objections to this mode of compenſation 
are, iſt. The difficulty of exactly adjuſting the lengths of 
the tods. 24. Of proportioning their thickneſs ſo, that 
0 ſhall all begin to expand or contract at the ſame in- 
Zaly, The connecting bars of a pendulum thus con- 
RT are apt to move by ſtarts. _ | 
0. pendulum rod be compoſed of two « coin- 
cident bars of different metals, attached to each 
| be Other 
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other only at their upper extremities, that which 

expands leaſt bearing the fulcrums of two levers, 
which on their outer extremities ſuſtain the ball 
of the pendulum, while the bar which expands 
moſt, bears againſt both the other ends of the le- 
vers in the middle; the expanſions of theſe two 
bars will counteract each other, and preſerve the 
length of the pendulum unvaried. 

10. If a bar of the ſame metal, form, and ſize 
with the pendulum rod be ſupported on a firm 
bracket at the lower end, and the other carry a 
tranſverſe piece attached to a ſpring at the upper 
extremity of the pendulum, which fpring may be 

moved upwards and downwards between two cheeks, 
and thus determine the length of the pendulum, 
the expanſions of this bar and of the pendulum 
rod will correct each Seer, 

It is however to be remarked, that che ſuſpenſion of 2 

pendulum by a ſpring, is not ſo good as by an edge. iſt. 
Becauſe the reſiſtance in the former manner is greater than 
in the latter. 2dly, The centre of the motion of the pendu- 


lum varies according as the elaſticity « of the ſpring changes. 
Zaly. When the ſpring has been lengthened by heat, the 
weight of the ball will prevent the cold from ſhortening it 
as much, ſo that the ſpring will be continually lengthen» 


ing. 
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LECTURE XXIL. 


W 9”. balance IE; a watch; 1s ; analogous to the 

| pendulum i in its properties. and ule. . = 

The ſimple balance is a circular annulus, equally heavy 

in 1 all its parts, and concentrical with the pivots of the axis 

on which it is mounted. This balance i is moved by a ſpiral 

ſpring called the balance-ſpring, - the invention of the in- 
— 5 o | 

The pendulum requires a dels maintaining 

: power than the balance. 4 „ 


Hence the natural iſochroniſm of the eee is leſs 
diſturbed by the reafively | ſmall inequalities « of, the main- 
taining power. 

3. The ſpring's Galli force which impels the 
circumference of the balance, is directly as the ten- 
ſion of the ſpring; that is, the weights neceſſary 
to counterpoiſe a ſpiral ſpring's elaſtic force, when 

5 | ; RE the 
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the balance is wound to different diſtances from 
the quieſcent point, are in the direct ratio on the 
arcs through which it is wound. | 

4. The vibrations of a balance whether through 
great or : ſmall arches are performed in the ſame 
ume. - 8 | 

For the accelerating force is directly as the diſtance from 
the point of quieſcence ; hence therefore the motion of the 
| balance is analogous to that * a pendulum vibrating in c- 

cloidal arches. | 
ET The time of the vibration of a balance is the 
ſame as if a quantity of matter, whoſe inertia is 
equal to that by which the maſs contained in the 
balance oppoſes the communication of motion to 
the circumference, deſcribed a cycloid whoſe length. 
is equal to the arc of vibration deſcribed by the 
circumference, the accelerating force being "OR 
to that of the balance, | 
| Beeauſe in both eaſes the ſpaces deferibed would be equal, 


as alſo the accelerating forces in ee rente, and 
therefore the times of deſcription. 


If 1 denote the accelerating force of gravity, 
L 45 length of a pendulum vibrating ſeconds in a 
cycloid, a the ſemi-arc of vibration of the balance, 
5 the time of vibration, and F the aceclorvting 


force of the balance ; then will n 
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For fince the time of vibration of the balance is ana- 
logous to that of a pendulum in a cycloid, and the ſemi- 


. 


arc of vibration is S the length of the * 1778 


[a 2 
T : : VE: F, and therefore T = L. Fin ſeconds. 


5. Let g be the ſpace which a body falling freely 
from a ſtate of reſt deſcribes 1 in 1”, and þ = 3-14159 
the circumference of a circle whole. diameter is 
unity, then will 2 * EE 5 | 
: Becauſe L = 75 This is the formula delivered by rs 


Atwood, page Io, of his Inveſtigation of the times of vi- 
bration of a Watch Balance. | | 

In this expreſſion for the time of vibration, the letters 
denotes the length of the ſemi-arc of vibration; if this arc 
mould be expreſſed by a number of degrees c, and r be . 


the radius of the balance, then a will be = 1 55 z and this 


| quantity being ſubſtituted for a, hes time of a on 7 


; let the given arc be 90%, in 


5 If the pring $ elaſtic force, when e eee | 
the given angle or arc 4 = 9 from the quieſcent 
| poſition, be =P; the weiglit of the balance, and 
the parts which vibrate with it , the diſtance 

0 1 of 


4 


S 
of | the centre of gyration from the axis of motion 
AW 2 he 


4Prg 
For the refiſiunce of inertia by lick the maſs contin | 


in the balance oppoſes the communication of motion to the 


= 5 then will ; VID 


a 
circumference will be "2 — and conſequently the foroe 


which accelerates the circumference at the . diſtance 
=, which being lub. 


ſtituted i in the former equation, we have 7 V 7 gp Ty 
4*8 


which i is the formula e by Mr. Atwood in ne maſ- 
terly eſſay above referred to. 


a from the quieſcent poſition is 3 


Me 


Theſe are expreſſions for the time of a vibration, what- 
ever may be the figure of the balance, the other conditions 
remaining the ſame as above ſtated. If the balance be an 
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annulus or a cylindrical plate, y = 


2 
and the time of vibration T = ,/ Wpor. 
8Pg 


9. The times of vibration of different balances 
are in a ratio compounded of the dire& ſubdupli- 
cate ratios of their weights and ſemidiameters, and 
the inverſe ſubduplicate ratio of the tenſions of 
the ſprings, or of the weights which counterpoiſe 
Fm when wound through a given angle. 

10. The times of vibration of different balances 
are in a ratio compounded of me direct ſimple 
| | | ratio 
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ratio of the radii, and direct ſubduplicate ratio of 
their weights, and the inverſe ſubduplicate ratio 
of the abſolute forces of the peine at a * 
tenſion. ; | | 
For the weights neceſſary t to wind the 8 . 4a 
given angle, are directly as the abſolute forces of the 
ſprings, and inverſely as the lengths of the levers at which 
| they act, that is, directly as the abſolute forces of the 
ſprings at a given tenſion, and inverſely as the radius of the 
balance 3 let 4 be the abſolute force of the ſpring at a 


given ton, then T:: N lg but Pax > therefore T:: 


3 _ ; which 3 is the Re 3 by Mr. W 


ſon „ and delivered by Mr. Ludlam. 
"T3 Hence the abſolute 'force of the balance 
ſpring, the diameter and weight of the balance 
being the ſame, is inverſely as the ſquare of the 
time of one vibration. | 

12. The abſolute force or firength of the . 
lance ſpring, the time of one vibration and the 
weight of the balance being the ſame, is as the 
ſquare of the diameter of the balance. 8 
13. The weight of the balance, the ſtrength of 
the {ſpring and time of vibration being the fame, | is 
inverſely as the ſquare of the diameter. 

Hence a large balance vibrating in the ſame time, with 


the lame Prins, vin he {nach NN chan a ſmall one. 
| 144 11 
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25 14. If the rim of the balance be always of the 
fame breadth and thickneſs, ſo that the weight 
ſhall be as the radius, the ſtrength of the ſpring 
muſt be as the cube of the diameter of the ba- 
lance, that the time : of vibration may continue 
the lame. 2 | 
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510 being given, A:: 2. 
15. If a balance be made with two balls joined 
by a rod, and the weights and diſtances of theſe 
balls from their common centre of motion be une- 
qual, but ſuch. that each ſeparately would vibrate” 
in the ſame time ; the centre of gravity of theſe 
balls will not coincide with their centre of mo- 
tions. nor will they poiſe each other. 

For to make this equilibrium, / ſhould be imerbily as 1; 
by ge to preſerve the times of their vibration the Tame, 
W muſt be inverſely as 12. 6 5 

16. The momentum of the balance i 18 | increaſed 


better by increaſing its diameter than its weight. 


It is better to increaſe the momentum by increaſing the 


velocity than the weight, becauſe the velocity does not 
increaſe the friction as much as the weight. Now the 
number of vibrations being given, the velocity may be in- 


creaſed either by increaſing the are of vibration, or in- 


i creaſing the diameter of the balance; - the latter method 
is» preferable, becauſe the velocity is thus augmented, 
v5 without 


; 
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without increaſing the friction, which is in proportion to 
the ſpace deſcribed by the Pivot, the ee of the balance 
being 1 
„ ſtronger balance-ſpring is preſcrable to a 
weaker. ; 

Becauſe the force of this Gring upon the 1 re- 
maining the ſame, whilſt the diſturbing force varies, the 
errors ariſing from the variation. will be leſs, as the fixed 
force is greater. | 
18, The longera detached balance continues its 
motion the . 

Becauſe rf, The friction in this cale i is leſs, and have 
| fore the natural iſochroniſm of the vibration is leſs diſtur- 
bed. 2dy. When applied to the watch, it requires a leſs 
maintaining power, and therefore the variations in the in- 

'tenfity of the maintaining power will be leſs. Jay. The 
maintaining power being leſs, the friction of the wheelwork 
will be leſs, and therefore the motion more regular. 
« gtbly. The preffure on the eſcapement will be leſs, and 

therefore the oſcillations of the balance leſs difturbed. 
_ 5th Fhe- greater is the number of vibrations 
performed by a balance in a given time, T0 tefs 
. uſceptible 3 is it of external agitations. — 

20. Slow vibrations are preferable Wn vi- 
brations: but there is a limit; for if the vibrations 
de too ſlow, the watch will be liable to ſtop. 

If we regarded only the effect of external agitations, ba- 
Harices that vibrate quick ſhould be preferred to ſuch as 
: vibrate flow z but they are * with two inconvenien- 
: sies, 


cies, greater than that which we would avoid: I. In two 


balances of the ſame weight and diameter, the friction on 
the pivots increaſes with the number of vibrations. 2dly. 
It appears by experience that the motion of the ſame des. 
tached balance continues longer, when its vibrations are 
now, than when they are quick. | 

21. A balance ſhould deſcribe as large arches as 
poſſible, as ſuppoſe 2409, 2609, 300, or an entire 
cheese | 8 

Firſt, becauſe the momentum of the balance is thus "ME 
creaſed ; and therefore the inequalities in the force of the 
maintaining power hear a leſs proportion to it, and of con- 

ſequence will have leſs influence. 24ly. The balance is leſs 
ſuſceptible of external agitations. 34y. A given variation 
in the extent of the vibrations Rs a leſs variation in 
the going of the machine. 

But care muſt be taken, that in theſe great e 
che ſpring ſhall neither touch any obſtacle, nor its ou 
touch each other in contractin g. 8 : 

22. The times of vibration in larger arches are 
ſometimes ſhorter, ſometimes longer than in leſs 
_ arches. | 

Mr. Harriſon was the firſt who aſſerted, that the vis 
brations in larger arches are performed in leſs time than 


in ſhorter arches, in contradiction to the opinion generally 
held by philoſophers and workmen ; which affertion ap- 


Pears ſometimes to be true. But it appears by experiment, 
2 2 the elaſtic forces of ſpiral {prings « deviate. from the 
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ifochronal law of variation in ſome caſes by . ſhort 4 
ws as well as in others by exceeding N 


9 uniform ſpiral ſpring may be Ware 5 


perfectly iſochronal DF e its 2 ad and | 
number of ſpires. 
This is the opinion of Mr. Berthoud ; his reaſoning | 
ſeems to be this: if the ſpring forming a ſpiral of a certain 
ſpecies be ſo diſpoſed, that when wound through different 
angles, the accelerating elaſtic forces of the ſpires, from 
the centre towards the circumference, increaſe faſter than 
they ought to do in order to render the vibrations iſochronal, 
it may be otherwiſe ſo diſpoſed, namely by making the 
ſpires approach more nearly to equality with each.other in 
ſucceſſion, that the law ſhall vary in ſuch a manner, as ab- 
ſolute iſochroniſm requires. But in the ſame manner as 
the fundamental property of ſprings, namely that as the 
tenſion is, ſo is the force, is determined by experiment, ſo 
muſt this property likewiſe be aſcertained in the ſame man- 
ner. Accordingly Berthoud tells us, that having attached 
to a balance a ſpiral of very large folds, making but three 
turns, and whoſe diameter was 15 lines, the angles through 
which it was wound being ſucceſſively 50, 10% 15 20% 25% 
30, 3 85 40, 45% 600%, 1200, the counterpoiſing weights in 
grains were 10 21, 32, 42, $49 65, 76, 88, 99, 134, 278. 
The ſame ſpring forming very ſmall ſpires, making ſive turns 
in 8 lines diameter, the angles through which it was wound 
being the ſame as before, the counterpoiſing weights were 
17, 22, 33, 45 565 67, 78, 89, 100, 1337 250 grains, 
Theſe experiments, he tells us, were made with great care; 


and 
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and they ſhew that the ſame ſpiral, its length continuing 
unchanged, when folded in large and ſmall ſpires, has a ſuf- 
ficient difference in its progreſſion to vary its iſochroniſm: 
when folded in large ſpires, according to the firſt experi- 
ment, the vibrations in larger arcs are accelerated; and by 
the ſecond experiment, when folded it in narrow TON Z mY 
are rendered flower. 


24, A ſpiral ſpring may be rendered FA Ge 
by a proper adjuſtment of its ſtrength and thick- 
neſs in different parts. 

5 25. A ſpiral ſpring which 1 is not in may 
be rendered. ſuch by the addition of two auxiliary 
ſprings, whoſe points of e are properly 
habe | 


This was the ingenious invention of Mr. Mudge; the 
thai of which conſtruction is delivered in the Phil. Tranſ. 
for the year 1 594, * Atwood, with his uſual accu- 
oy. and perſpicuitx. a 

26. The influence of the maintaining power on 
the balance, in reſtoring the motion which it loſes 
by friction or otherwiſe, may k by either conſtant or 
interrupted, 

This depends on the eſcapement; when the action of the | 
maintaining power is conſtant, che eſcapement is called 
either the Recoil or the Dead- beat; ; when it is interrupted, 
the eſcapement 3 is faid to be Detached. 

27. By eſcapement i is underſtood the means by 
Which the action of the wheels i is applied to main- 


x tain 
E: 


_ 
7 
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tain the ideation of the balance ; and it conſiſts of 
the balance wheel and pallets. | 


2838. Pallets are ſmall plates or levers attached to 


the axis or virge of the balance, which receive the 


impulſe of the balance wheel produced by the 1 
maintaining power, and thus continually renew | 


the motion which the. balance loſes by FO, 0 or 
other reſiſtance, 


In a Recoil efcapement, when one tooth of the balance 


wheel drops off the firft pallet, the other acting tooth falls 


\ 


on the inclined plane of the other pallet, which meeting it 


obliquely cauſes the balance wheel to recoil, from which 
circumſtance this eſcapement derives its name. 


In the Dead-beat eſcapement, when one tooth of the "I 


lance wheel drops off the inclined plane of the firſt pallet, 
the other acting tooth immediately falls upon the convex 


ſurface of the other pallet, which ſurface being concentrical 


with the axis of the balance, the wheel continues at reſt un- 


til, by the motion of the pallet or cylinder, the inclined plane : 


of the tooth comes to act upon the face of this latter pallet 
or edge of the cylinder, which then, by its preſſure on that 
edge, throws the cylinder round, and thus gives motion to 


the balance; then inſtantly entering the cavity of the cy 
linder, it falls upon the concave ſurface, and for. the ſame 
reaſon as before continues at reſt, until the balance ſpring 


drives the cylinder round in a contrary direction to what it 
did before, fo as that the inclined plane of the tooth may act 
on the ſecond edge of the cylinder which preſſure throws 
the cylinder round in the contrary direction, and the tooth 
8 | Fn 8 
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gets out of the cavity, and at that inſtant the ſubſequent 
tooth falls upon the convex ſurface, and fo on. From the 
quieſcence of the balance wheel during the interval of time 
that elapſes between the falling of the acting tooth on the 
ſurface and its preſſure on the __ of the WE this 
eſcapement is called the- Dead-beat,  . 
In the Detached eſcapement the motion of the maintain= 
ing power is ſuſpended during almoſt the whole time of 
vibration; juſt at the end. of the return of the balance it 
unlocks the wheel-wotk, and a tooth of the balance wheel, 
immediately acting on the pallet, reſtores the motion which 
the balance had loſt; and having given its impulſe, the | 
wheel-work is inſtantly locked again, and the balance per- 
forms its vibration freely and diſengaged from all other 
5 parts of the machine. 


29. In the eſcapement of 1 the Wiens 
are quicker than if the balance or pendulum. vi- 
brated freely. g 6 
For the recoil ſhortens the aſcending part of the vibration 
by contracting the extent of the arc; and the reaction 
of the wheel accelerates the deſcending part of the vi- 
| bratiow 
30. In the dead - beat eſcapement, the blen 
are ſlower, than when they are on in a de- 
tached ſtate. . 
For the preſſure of the tooth on the ſurface of the 

cylinder, retards. that part of the vibration which is per- 
formed while the cylinder, by the motion of the balance 
ſpring, revolves ſo far as to 1 the tooth to the W 18 of 
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the eylinder: and if the maintaining power be increaſed; the 
-preflure of the tooth on the cylinder may become fo great, 
as entirely to ſtop the motion. When the tooth has com- 
municated its impulſe to the edge of the cylinder, it moves 
almoſt freely; and as the tooth does not yet preſs with its 
entire force on the next ſurface, the cylinder will indeed 
deſcribe a larger arc, and therefore on that account the time 
may be ſhortened; but when it has conſumed all the impulſe 
= of the wheel, it returns by the ſole force of elaſticity; now 
. the preſſure of the tooth cauſes a friction which diminiſhes 
the tendency to return to the point of reſt, ſo that the balance 
performs its vibrations ſlower. 
| 311. In the eſcapement of recoil, if the main 
= 4 power be increaſed, the vibrations will be 
li | performed in larger arches, but in lefs time. 
| Beeaufe the greater preſſure of the crown wheel on the 
85 pallet will cauſe the balance to vibrate through larger 
| arches; and the time, on this account will be leſs increaſed, 
chan it will be diminiſhed by the acceleration of the balance 
by Shot ppefſure, and the diminution of the time of re- 
32. In the ern of the cylinder or dead- 
beat, an increaſe of the maintaining power ren- 
ders the vibrations larger, and at the ſame time 
ſlower. | 
Becauſe the greater preſſure of the tooth on the 15 of 
ah cylinder throws it round throu gha greater arch ; and 
its increaſed e on both ſurfaces of 1 e re- 
tards its motion. | 


33. The 
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33. The eſcapement can render thoſe vibrations 
only iſochronal, whoſe inequality proceeds from the 
maintaining power, and not ſuch as are produced by 
eden agitations. 5 

"4+ The effect of external agitations o on the ba- 
lance may be er en by the Hons eſcape- 
ment. | 

In this eſcapement two equal balances are ſo | 
that they vibrate through equal angles, but in contrary 
directions; by which means, the one muſt always be acce- 
lerated as much as the other is retarded by any exter- 
nal agitation. But as Mr. Cummins obſerves, when ba- 
lunces are connected by means of teeth, there ariſes a reſiſt- 
ance which, however ſmall, when applied in this moſt de- 
. licate wm will tend to diminiſh hs momentum ba 1 bas 

lances | | 
35. That nan + is beſt in which the dura» | 
tion of the action of the balance wheel on the 
paletts i is leaſt with e to the time of vibra · 
tion. ; 

Hence the detached e is the beſt, which ap- 
pears to have been the invention of the i ingenious artiſt Mr. 
Thomas Mudge, ; who made a watch on this conſtruction 
for the late king of enen Ferdinand the 6th, in the Ty 

753; 

365 The time of the vibration of the ans is. 
increaſed by heat, and diminiſhed by cold, 

' Firſt, becauſe the length of the ſpiral ſpring i is Increaſed | 
| * heat, and therefore its force diminiſhed ; and the con- 

9 „ trary 
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trary by cold. 2dly. The diameter of the TIT ts inorea- 
ſed by heat, and therefore. alſo the time of vibration; and 
x the contrary by cold. | | 
37. That balance is the th . hich, 
without the compenſation of a thermometer, is 
mat ſubject to the influence of heat and cold. 8 
Becauſe the obſtructions from oil and friction act as 2 
compenſation to the expanſion or contraction of the 
ſpring and balance; therefore that balance which is moſt 
affected, is freeſt from the influence of oil and ſriction. | 
. errors! in the going of a watch, ariſing 
: from the change of temperature, may be, corrected 
by varying the length of the balance ſpring-. 
Nevertlieleſs, as It is extremely difficult. to form an 1 
chronal ſpiral, any variation, in its length i is dangerous, 
becauſe we ſhall thus A loſe that 85 0 de- 
termines its xochroniſm, . 55 1 8 : 
| 39. The errors in the going. 7 a watch, oeca- 
foned by the variation of temperature, may be 
_ corrected by varying the diameter of the balance, 
| Fig. al, This may be effected by dividing. the rim of the 
balanee into two or more ſeparate parts, IK, LM, RS, each 
of which is compoſed of two plates of metal of different 
expanſibility, rivetted together, the leaſt expanſible being 
neareſt the centre H, and carrying at one end K, M, S, a 
weight; whilſt the other is connected either with the rim 
of che balance, or one of its radii. Now if the tempera- 
ture increaſe, the exterior plate expanding more than the 


interior, che compound will become more concave towards 
| iis 


* 
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the centre; and conſequently the end which carries the 
weight will approach the centre of the balance, and on that 
account the vibrations will be rendered quicker, At the 
root of each thermometer there is a ſcrew, I, L, X, by 
which the diameter of the balance may be increaſed or di- 
miniſhed, ſo as to alter the time kept by the chronometer, 


without interfering with the adjuſtment for heat and cold: 


and if the magnitude and poſition of the weights be properly 
regulated, they will correct the error ariſing from the va- 
riation of the diameter of the balance, cauſed 25 the va- 
riation 2 temperature. | g 
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"LECTURE 30... 


1. IF the force of gravity were conſtant, and acted 
in parallel lines, and there were no reſiſtance from 
the air, a body thrown in any oblique direction 
would deſcribe a parabola. | 

2. The velocity in any point of a . is 
equal to that which would be acquired by a body 
falling down one fourth of the e e 
to that point. 

3. If the plane from wk the body i is ated, 
and on which it falls, be the horizon, the axis. 

of the parabola will be perpendicular to the hori- 

Zon; the velocities equal at equal diſtances from 
the principal vertex ; and the time of arriving at 
the vertex of the parabola, or at the greateſt alti- 
tude, equal to half the time of the flight. 
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4 11 5 be the velocity of becken g=16 25 

TH S— the fine, 1 = the verſed ſine of 5 
the angle of elevation, e = the ſine of the angle of 
elevation to radius unity, a= - the amplitude on an 
horizontal plane, h = the altitude, t = the time of 


54 2 2 
light; then will == hb =; | 
bias VVA 3g 7: 28 


Hence the amplitude 18 greateſt at the angle 45 „ and | 


LIVE =, z alſo the amplitudes a are equal at angle equally above 


and below / 4 50. o. 

From the ſmall diſtances to which we can project bodies 
upon the earth's ſurface, the variation in magnitude of the 
force of gravity or its direction, will not ſenſibly affect the 
parabolic tract of a projectile; but the deviation cauſed by 


the reſiſtance of the air is ſo great, that no practical con- 


cluſions can be drawn from this theory. | 
Mr. Robins obſerves that a 24lb. ball, impelled with. its 
uſual charge of powder, meets with an oppoſition from the 
air equivalent to 4oolb. which retards the motion ſo much, 
chat the range at an elevation of 45%. would not be above 
one- fifth of that given by theory. From this great reſiſtance, 
the amplitudes are not proportional to the ſines of the 
double elevation, as in vacuo; but proportionably greater 
for leſs than for greater angles. Neither are the amplitudes 
equal, which are obtained in elevations equally above and 
below 45; thoſe which are correſpondent to the ſmaller 
angles being greater; the angle alſo of greateſt amplitude i is 
not 45 but much leſs; as 43, 40%, 382, 30%, or even leſs 
| | 2 
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in very great velocities; neither i 18 the vertex of the trajectory 
in the middle, but more remote from the point of projection 
than the other extremity; the time alſo of deſcent is longer . 
than the time of aſcent; and the part of the curve through 
which the body deſcends i is leſs curved than that * 
which it aſcends. 

5. If a ball be perfectly wks. a any 
motion round any axis, during its flight through 
the air, will not cauſe the ball to deviate from a 


plane perpendicular to the horizon. 
Since the force of gravity acts always in a direction per- 
pendicular to the horizon, a body projected in any direc- 
tion would, if unreſiſted, be always in the ſame vertical 
circle; but Mr. Robins firſt diſcovered that projectiles are 
not only depreſſed beneath the line of projection, but de- 
flected to the right or left of that direction by ſome other 
force. This, Mr. Robins fuppoſed, was cauſed by the ro- 
tation of the ball round its axis; which rotation combined 
with its progreſſive motion, would cauſe the ſurface of the 
bullet; to ſtrike againſt the air very differently from what it 
would do, were there no ſuch rotation; but Mr. Euler has 
demonſtrated in the following manner, that theſe two 
changes ſo counteract each other's effects, that the action 
of the air upon any point of the ball, ſuppoſing i it perfeAly | 
| ſpherical, is the lame as if the ball had no > ſuch DT 
motion : > 5 
| Fig. 22. Let a plane, "repreſented here by the paper, 
touch the ball in the point A, and let the air impinge on 
. this pat A in hy direction PA Let PA expreſs the 
„ . velocity . 
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velocity If the air, and from the point P let fall the 
| r P upon the e n and draw 


4 
If the ball did not turn dads; the Ps of the iroke 


of the air would be as the ſquare of the line PA, ex- 


preſſing its velocity, into the ſquare of the fine of the 
angle PA. A, which the direction of the air's motion 
PA makes with the ſurface of the ball in the point A. 


Sinoe the fine of the angle PAY is expreſſed by > = 


the force of the air on the point 4 vil be as PA. X g. | 


£45 7 
that 3 is, a8 P23. 'But if the ball turn round, i its centre 


remaining unmoved, the point A can have no other mo- 


tion than that whoſe direction lies in the touching plane, 
Let Aa be the direction of the motion of the point 4, and 
let Aa expreſs its velocity in that direction, with which it 


impells the air; the effect on the point 4 is the ſame, as 


if the point A were at reſt, and the air beſides its mo- 


tion in the direction PA, had alſora motion whoſe direction 
and magnitude were denoted by the line Pp, equal and 


parallel to 4%; but theſe two motions are equivalent to one 
motion whoſe direction and magnitude are expreſſed by 


Ap, the diagonal of the parallelogram, whoſe ſides are PA. 


and Pp; therefore the action of the air on the point A will 
be the ſame, as if the point ſtood ſtill, and the air e 
againſt it with the velocity p4;. from þ let fall the per- 
Lee 720 on the tangent plane, and the force 0 the 

EYE | ; dir 


u. 
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air, in this caſe will be equal to 74. 92 = = PB, the 


ſome quantity as before. 


6. If a ball be — ſpherical, the centre . 
of gravity's not coinciding with the centre of mag- 
nitude will not cauſe any deviation i in its courſe. _ 

From the two laſt articles it appears, that the deviation 
of a bullet from the vertical plane is produced by its not | 
being perfectly ſpherical. For if the bullet be irregular i in 
its figure, and have a rotatory motion, and the axis of ro- 
| tation does not coingide with the line of flight, the reſiſ- 
tance, which the irregularity of the ſurface produces, will 
caufe the ball to deviate from the courſe in which it would 
otherwiſe have continued. For ſince the Air is condenſed 
before the ball, any part projecting from the ſpherical ſur- 
face of the ball, will meet with a greater reſiſtance in the 
denſer medium before the ball, than in the rarer medium 
behind it z therefore the tendency that it has to recede in the 
direction of the tangent, by the reaction of the denſer 
part of the medium, will not be corrected by the con- 
trary reaction behind the ball; it will therefore, by this re- 
action compounded with the direct motion of the ball, de- 
ſeribe an intermediate ling, n more or leſs Ow the | 
direct courſe. | 

The only caſe i in which the er motion produces no 
error, is when the axis of rotation coincides with the line of 
the bullet's flight; becauſe though by the caſual irregularity 
of the foremoſt ſurface of the ball, or any other acci- 
dent, the reſiſtance ſhould be greater on one ſide than on 

| another; 


25 
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another; yet as the place where this greater reſiſtance acts, 
muſt perpetually ſhift its poſition round the line in which 
the bullet flies, the direction which this inequality would 
occaſion, if it acted conſtantly with the ſame tendency, is 
now continually rectified. Hence the uſe of rifled barrels, 
whoſe effect is to render the axis of rotation of the bullet 


coincident with the line of flight. 


f 
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LECTURE XXIV. 


_— 


jo a body in free ſpacs be a curve 

| feturning into itſelf, the centripetal force is equal 
to the centrifugal force ; and they are called by one 
common name, Central Forces. 

| Every body that deſcribes a curve is acted on by two forces, 
A projectile and centripetal force ; the projeckile force 1s 
that, with which the body would run out in a tangent to 
its orbit, if there were no centripetal force to prevent it; 
and the centripetal force is that which, conſtantly acting on 
the body, turns it from its redtilineal courſe, and bends it 
into a curve. | 
The centrifugal force is the force 5 which the body 
would be carried off from the centre, were it not prevented 
by the centripetal force; and therefore the centrifugal and 
SORTING forces are 1 expreſſed by the ſame line. 


2. When 


=» — —ᷓ— — ey ee tne 
% 
\ 
% 
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2. When a body revolves on an axis, the cen- 
trifugal force of any of the particles may be to the 
centripetal 1 in various s affigned proportions of ine- 
quality. 7 

For though the e force is in this caſe meaſured | 
by the naſcent ſubtenſe of the angle of comets the on 
tripetal force is not. 

3. The centripetal and projectile forces are he- 
terogeneous, and cannot be compared. 

For the action of the one is inceſſant, and of the other 
1 impulſive. . 

Fig. 23. Let a body move in the circle Abd, the centri- 
petal force is to the projectile as Bb, the ſubtenſe of the 
evaneſcent angle of contact, to the tangent AB, or as A 
to ab, that is, as the evaneſcent chord A to d; or ulti- 
mately, as the naſcent chord Ab to the diameter. Theres 
fore the projectile force is indefinitely greater than the cents. 


tripetal. In fact theſe forces differ in the ſame manner. as 


prefſure and momentum. Hence therefore it ſeems impro- 
per to ſay, that the centrifugal force is part of the pro» 
jectile; whereas, in truth, it is no other than the meaſure 
of the force, by which the body continually endeavours to 6 
recede from a point not in the line of projection. 
4. Bodies which are retained in curves by a force 
| tending to a given centre, deſeribe areas propor- 
. tional to the times round that centre, Do 
5. Bodies agitated by a centripetal force deſcribe 
curves « concave towards the centre of force. 
1 1 It 
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It does not neceſſarily follow, that the nbi pet force 
ſhould cauſe the body always to approach the centre; it may 


continue to recede from the centre of force, notwithſtand- 


ing its being drawn by that force; but this property muſt. 
always belong to. its motion, that the line which it deſcribes. 


e concave towards the centre to which the force is directed. ä 


6. The plane of the curve paſſes through the 
centre of force. 


7 BA body which moves in a curve and deſcribes 


areas proportional to the times round any point, | 


is actuated 1 a central force tending to or from 
that point. 


a8: Central forces are as the verſed Goes of the 


arcs deſcribed in equal times, which converge to 
the centre of force, and biſe& the chords, when 
thoſe arcs are diminiſhed indefinitexyy,.]. 
9. The projectile velocity in any point of a curve 
1s reciprocally as the perpendicular let fall from the 
centre of force « on the tangent to that point of the 
curve. | 
I. The angular velocity: at Wo centre of force 


is reciprocally as the ſquare of the de s diſtance 
from that centre. 


11. In a circle the velocity 18 . if the 
J centre of force coincide with the centre of the circle, 

12. If bodies deſcribe the peripheries of circles 
with a uniform motion, the centripetal, forces tend 


to 


— 
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to the centres of the circles, and are to each other 
as the ſquares of the arcs deſcribed in equal times, | 
applied to the radii of the circles. 

13. The central forces are alſo as the ſquares 


of the velocities directly, and the radii of the cir- 
cles inverſely.” 


l 14. The central forces are alſo in a ratio com- 
pounded of the ratio of the radi directly, and the 
duplicate ratio of the periodical times inverſely. 
c Hence we may compare the central force of a body re. 
volving in the periphery of a given circle with the force 
of gravity, by finding the periodical time of a body pro- 
jected ſo that its centripetal force near the ſurface of the 
earth | may be equal to the force of gravity; 3. for as the 
radius of the given circle, divided by the ſquare of the pe- 
riodical time in that circle, is to the radius of the earth 
divided by the ſquare of the periodical time found, ſo i is 
the central force in the given circle to the force of gravity: 
let r be the radius of the given circle, ? the periodical 
time in that circle; 4 the diameter of the earth, p —= = 
| 1416 the periphery of a circle whoſe diameter i is unity, g 
the ſpace deſcribed by a falling body in one ſecond ; then is 
g likewiſe the ſubtenſe of an arc deſcribed in a ſecond of 
time, which arc is therefore = Vg; therefore g 
1 e of * earth : 171 , which i is che | 
| WR 
periodical time N 2 body ee at the earth's e 


} * 
1 | with 
© 7 * 
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— > _ — ——— = _ 
— . API TIS ⁵— — ras, 
———— — — 
7 


wich a centripetal force equal to the force of gravity; 
therefore the central force is to the force of gravity : : 
2p. 122725 1. 
gt? 5 ; 12 | 
a ſtring, be whirled 8 in a circle whoſe radius i is 2 feet, 
and it deſcribe. the periphery i in a ſecbnd, the centrifugal 
Force is to the force of gravity, as 9.817 to x; and therefore 
the force, with which the ſtring i is eee is 10 ounces 
"4 nearly. t | 

150 The oentral forces are as the Adee and 
quantities of matter directly, and inverſely as the 
ſquares of the periodic times. 

For, the quantity of matter being different, and every 
thing elſe given, the central force is to the force of gravity 
in a given ratio; but the force of gravity is as the quantity 
of matter; and if the quantity of matter be the ſame, and 

the other quantities varied, the central forces are as the 
Tm directly, and the ſquares of the times inverſely, . 

16. If the ſquares of the periodic times be as 
this cubes of the diſtances, the central forces will 
be as the quantities of matter directly, and ebe 
15 the ſquares of the diſtances. 

5 x7. If two bodies revolve round their common 
"Gs of gravity, they will ſuſtain each other, and 
continue at the ſame diſtance from each other, 
however great their velocity may be. But if they 
revolve round cd _ er that body whoſe 
N . e ee 


— 


Thus if a ball of one ounce tied to 


N 
ö 
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centrifugal force 3 is n will nary a the other 
with it. | 5 


18. If a body MENTS i in a given direction be 
conſtantly drawn towards two fixed points, which 


are not both in the ſame plane with the direction, 


it will deſcribe equal ſolids in equal times about 
the right line j joining the ſaid points. 
Fig. 24. Let the time be divided into any number 7 
Equal parts, and in the firſt moment let it deſcribe the 
line AQ, in the ſecond moment, if not prevented; it 


| would proceed to deſcribe the line Q equal to AD; but - 


at it is ated on by centripetal forces tending to the 
centres C and B; let theſe forces be expreſſed by the lines 


As, N, which would be deſcribed by them, while che 
body would be carried from © to T'; complete the parallel. 


_ epiped whoſe ſides are the lines 98, 97, Q; the body 
by the joint action of theſe forces, will deſcribe Q, the 


diagonal of the parallelepiped. But the ſolid CBA 


DCBT, becauſe they ſtand on the ſame baſe PCB, and 
have the ſame altitude (for the right line TA cuts the 


plane QA in 2, and T2= YA); alfo the ſolid 2CBT 


= CBD, becauſe they ſtand on the ſame baſe, and are 


between the ſame parallel planes 2CB, DT. In the fame 
manner it is manifeſt, that equal folids will be deſcribed, 
in other equal moments of time, round the ſame points, 
Therefore if the number of. parts of time, and of the right 
lines AY, DD, be indefinitely increafed, the path of the body 
will ultimately become a curve, and the body impelled by 


continued forces will deſcribe round the 8 C, B, ſolids 
e to the times. 


wart 


5 e | 
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- Converſely, if theſe ſolids DC BA, 'DCBD deſcribed 3 in 
equal times be equal, the line TD will be parallel to the 
plane 2CB; and therefore the body will be urged by 
forces 2s, 7 tending to the points GB. 9 55 
The law here laid down explains the motion of the 
moon and ſatellites, which ; are attracted towards two differ- 
ent centres. 

19. When A de e are carried round, in 
a a vortex, the matter of which is denſer than the 
bodies, they will continually approach the centre 
of force in a ſpiral line; if it be not ſo denſe, they 
will recede from the centre in a ſpiral ; if it be of 
the ſame denſity, they will deſcribe concentric cir= 

cles, and their periodic times will be equal. 
20. If a rigid ring endeavour to recede from a 
plane paſiing through the centre of the ring, by 
revolving on its diameter, which 1s the. common in- 

terſection of the circle and the plane, the ſum 8 
the centrifugal forces with which all the particles 
in the ring endeavour to move the plane of the 
circle about its diameter, will be to the fam of the 
forces of all the particles collected in the Point 
which is fartheſt from the Platzer as 1 to 2. 

See Newton's Princip. Lib. 3. Lemma 1. 
Af a rigid ring 120 N revolve with two mo- 
Th tions, one in its own plane, and the other about 
the diameter 274; ; and if a motive force acting at 


the 


F MECHANICS, 1 


the point D be ſuppoſed equivalent to the whole | 
motive force acting upon the ring; then half this 
force is efficacious in accelerating the motion of the 
point 2, in a direction perpendicular to the plane 
of the ring, and the other half is conſumed. in 
counteracting the centrifugal force, ariſing from the 
motion of the particles of the ring about a ma- 
mentary axis PIP. | 
Fig. 25. For in the great cirele nh, let a point 5 be 
taken indefinitely, near to 7, and in the ring a point 7 ſo 
that 5 and 2r may repreſent the angular velocities about 
the diameter and centre of the ring. | | | 
Let d and c repreſent thoſe velocities, and r the Tho 0 
of the ring. Draw rs perpendicular to the plane of the 
ring, and meeting the great circle h 2s ins; ; then will re 
repreſent the accelerating. force of the point 2, perpendi- 
cular to the plane of the ring; but rs : nh : : 2r ; rad. (r) 


therefore rs = 2; $ and if KR be = the matter in the ring, 185 


the BOOM eficacious motive force = Al. X i R. 
r 


The momentary axis PTpþ i is in a plane perpeatticulay to 
the plane of the ring, and paſſing through 2 q 3, make . 
= radius of the ring, and draw Pr perpendicular to Ag. 
The velocity of the point P in a circle parallel to nh, in 
conſequence of the motion about the diameter, is to the 
| velocity of 1 in the circle nb, as the radii of thoſe cir= 
| cles, or as Pr to radius, and therefore is = dx Pr divided 
by radius. In like manner, the velocity of P, in conſe- | 
Y | qyence 


13 "od 
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| quence of ihe” motion round the cette,” is to the velocity : 
of © in the plane of the ring, as Ty to radius, and there. 
fore is = Ty divided by radius; but ſince P is the mo- 
mentary pole, and therefore quieſcent, theſe two motions 


are equal; and therefore c: 2 Pr 77 or Fr = 9 | 

„ 7 ch d 

and T = of. In fig. 26. we PT recen — 
"7 2 C 


momentary axis, and EN a 1 of the ring; ; + 
| any point E of the ring draw E perpendicular to PT, 
and vw perpendicular to . The centrifugal force of 
E: centrifugal force of N: 5 Ev: NT, or the centrifugal 


E Eg O44 
NT - . 5 


fo _ of * = centrifugal foree of N x = 
X clade Z X x 2», decals th velocity of 1 — JF. 
| But the a part « of this force, in a direction per- 


| pendicular to the plane of the ring = whole ring ; anda 


Eo? 
force acting at 2 equivalent to this = the 9 5 * * 
5 ö a 1 . (14- n + e. 4 
KEY ie * 1 TEE 
- D Pr x To. | 


Nos if great circles by cenecived g 


* 2 R e | 
drawn chrough 2 2, and P, E, (by Sph. Trig.) ALT : 
PE (v ) X Rad. (T9) = col. P (Tr) * coſ. DE | 
| . Therefore a motive borce at © Y equivalent to the 


oF R 


5 „ Ln motive 
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| 21.42 
motive efficient centrifugal force of EK = 2 1 XE xX 


TN Pr T c da 1 PE DSL = de 
r e © 
+. Tx® 


E x- Ta therefore the Tam of all theſe quantities = the 


* 


motive force at 2 equivalent to the ſum ah all the efficient 
centrifugal forces, or the centrifugal force of the ring. 


But the ſum of all theſe quantities = 15 *, becauſe 


the ſum of all the ſquares of the ſines Tx in a circle is to 
the ſum of the ſquares of as many ſemi-diameters TD, 
as 1 to 2. | 


Hence the motive force at Qequivalent to the ſum of all | 
the efficacious centrifugal forces, is exprefſed by the ſame 
quantity as the force at 2 equivalent to the whole motive 
Efficatioiis Force on the ring. This elegant demonſtration 
is Mr. Brinkley's. See Vol. 7. Tranſ. R. Iriſh Acad. 

On this propoſition depends Mr. Landen's ingenious 
detection of Newton's error in OY the e preceſſion of 
the Equinoxes, 


LK ee 
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15 : produce the motion of a wake” the 
Power muſt exceed the weight; under which! is 
compriſed friction, the figidity of ropes, and the 

inertia of the parts of the machine. WE 

LF If a cylinder whoſe weight i is 20 revolve ad 
its axis by the action of a force p applied to the 
circumference, -the ſpace deſcribed in ? ſeconds will 
be = gt x 1 
1 Fig. 27. Let DEB be the cylinder, revolving on its axis 

8, by che action of þ on the point D, and let A be the 

centre of gyration; the inertia of the matter of the cylinder 

whoſe weight is wv, is, equivalent to the maſs ww, collected 

in the point 4; and this will be equivalent to the weight 2 


collected i in the point D 1 22. Lect. 19.) a, 
becauſe | 


8.42 
* 55⁴ 


To dg MECHANICS, 18635 


| Nene! FE 2 But the accelerating force is equal t to 


the moving force 5 dnided by the weigh, that 1s . 


2 Tz 2107 | 


If be a weight poſſeſſing inertia, this i inertia muſt be added 
to the maſs OTIS ow Us" 1 force will n be. 


* 


Ff, 2 ne e 


eee bodies p and 20 hang over a fixed Pulleys, 5 
of which p is the anten, then will the W de- 


ſcribed $ 2 * gte, the inertia of the pulley: | 


not being conſidered; and the velocity o of the owe 
eee 

Dp 5 

; For 2 is the moving force = = M, and pwr the quan- 


and weight = 25 X 


41 . 

rr — matter moved = = 2 k buc Time — 2 * ., ; and F 
= att, . 55 HER 

If the pulley be a nes whoſe . is 9, its inertia, 


will be the ſame, as if + © were uniformly accumulated in 
its is therefore the accelerating force will be 


_£ [00 —£, and $'= enk. 


5 . | 
es It, weight 20 is to be raiſed by a power 15 He 
means of a fixed and | moveable pulley, then will 


i W 
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5 4 S 27, the inertia of We e of the 


v- 


3 not being oonſidered. | 
Since the weight w acts againſt þ with a ;* Cs — + w, 
the whole moving forne -u; and ſince the weight 
1 moves with a velocity only one-half. of chat with which 
7 moves, its inertia referred to p's motion will be tw; ; 


re. 


therefore the inertia LE the whole maſs — = 2+ agd 8 


che bansee be «eylinalts, and f the t of each FR 2, 
the inertia of the fixed pulley, will be = 4,2, by Art. a; 
the inertia of the moveable pulley will alſd be the ſame, a8 
if £2 were accumulated in its circumference ; and ſince 
the velocity of the einen 18 - that of þ as 25h 5 


| A * . FLY 0 * TY 
inertia will be nt to a maſs 28 moving W ths 
LP _ MCL} 4.7 Mit ei ur 1 10 1 


Was 


3 of P- See Art. 22. Lea. 19. Hence the whole mas 


6 3660 © m2 bavon 9.24 
er on: en eh EP 


* 


%. 


and; the aceclerating f, orce = ſigh TINY 2 =, an we 
155 = a= n Sc 


ſpabe dcſeribed by p from reſt Bt el 
8. If a body, i is to be raiſed a given height by 


means of an inclined plane, by a given pewer, the 


time of its aſcent will be the leaſt poſſible, when 
the length; height 7 7 twice” the weight to the 


; Power. 


1 
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"Fig: 28. Let 4B the length of the plane — = x, the given 
height= —a; the force of deſcent along the mo is = _ W, 


1 the moving FI 25 Fe 25 Fre 3 ON Fa b 


ing force = "==. Now the time = "Tp 

> 13 ee 7 ” Tu 8 

| 6 minimum, or — a minimum. Therefore 

AF 

a2 X 3 | ER en y Fa is | - 

| P =0; but when a fraction e 
px. wal“ & 


its numerator = 0; hence abs — aj,j,j — p. = a, or 
PN = 24WX 3 therefore x : a : : 20 : p. 


See a very elegant Geometrical demonſtration of ha pro- 
25 poſition i in Machurin 8 View.c 15 e 8 Diſcoveries, B. 2. 


ch. 3. 
Ae. i 3h 'b be the diſtances of the power and” 
| weight from the fulcrum CG of the lever pw, then 
will the initial velocity of the Poſer = 237 X 


Xa, the woos and t inertia of the wa 


itſelf not being conſidered.” | 
Fig. 29. If the power and weight were eat 7 would be. : 


* to.— . ; he power therefore oy marr lever will 


\ 


5 he fo — Since 15 8 power a to the e acce- 


5 ; 1 9 lerates 


2 - 
— f —— 
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lerares the maſſes p and wo, the maſs to be ſubſtituted for 


ww in the point 75 myſt be. = =: in order that this maſs, 


at ke diſtance 4, may bo ay accelerated with the maſs 


10 at the diſtance b. The power therefore þ — -= „ will ace 


1 


| ee he of matter þ + 3 and chil acces 


. 8 . 5 1 7 
5 2 5ð⁊5Dpa? -b 


lerating force = ———— — fatÞwhi But the veloe 


az 


f 


pa%—wah _ 
pak wht 


| — 
nz Tw. 5 
"If the 3 inertia a of the moving force be alſo = oY as in muſe. 


If a: 5: 221 , , the Wi which accelerates þ = => 


pn? - 
cular dien, the force accelerating p will be ng w * 
If che maſs moved has no weight, but poſſeſſes inertia 
only, as when a body is moved along an horizontal plane, 
| te 12 | 
pn pn W = 
7. The velocity of the "HO will be = 291 * 
ab — 19 e F 
pa + -W 8 „ 
8. The {pace deſcribed by the power, in the time 5 


the force which ageelerates = 


3 f —=zoab 
fr wall by be = #5 Tg * pb 1415 + 20 LE 
9. if 
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9. If a and 4 denote the radii to which the power 
and weight are applied in an axle in the wheel, the 
momentum communicated to the weight will be a 

144 23 232 
maximum, when the weight = 7 Xa/ -— 36 ©-3F 5 
the inertia of the machine not being conſidered. 


pab — abb 
pas ＋ 20 _ 


the moment generated in w, in the time 25 250 be expreſſed 


For the velocity of the weight = = 2gt * 


2 
3 and: as this i is to be a maximum, 


we have ba3 e a2 7 202 —0. 


If 2 522321, w=p% 2 Dos. And if the 
8 radius of the axle be equal to that of the wheel, that is, if 
un 1, the weight will be — = * a2 —T, and therefore 

will be about 22 parts of the moving force. See AtwooT's 

Rect. Motion, Page 249. 55 8 
10. In any machine, the weight will be 9 

with the greateſt velocity, when the velocity of the | 

fotw 
20 

the inertia of the machine not being conſidered. 
For the machine may be conſidered as reduced to a lever 

whoſe arms are a and b, and the velocity of the weight 


— 2 | | 
= T = a maximum, where 5 is variable; 
52 + J PY. 


put its fluxion = 0, and we have a = - 


7 If 


power is s to that of the weight as 1 > 5 1, 


* * 
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ee that is, if the weight moved be quilts the 
power, chen a:b::1 + U: . 

11. If motion be communicated to a heavy cy- 
linder whoſe weight is w and radius r, revolving on 
its axis in a vertical plane, by a ſmall weight 5 
acting at the diſtance 4 frem the axis, and the 
velocity of 4 be v; the momentum of p detached, 
and moving with any other velocity J, will be to 
its momentum when attached to the point d, as 


2 


PV: v x 2 


Suppoſe þ = I oz. or nearly rhe 3 of a- muſket ball 
Too feet, or the greateſt velocity with which a muſ- 
| or e move, 7 = 10 feet, and d — x foot, then will 20 
= 17 That is, if the wheel be ſeventeen. times the 
weight of the ball, the impack of the ball when attached to 
the point 4 of che wheel, and moving with the velocity of 
one foot in a ſecond, will be HER to hay utmoſt force of " 
muſket ball 

But fince muſket balls produce their effect not merely by 
inſtantaneous impact, but by penetrating into and through 
fubſtances, and therefore the time of their action is to be 
taken into the account, the forces will be as the ſquares 
of the e velocities or as TE 2;v2 X any and therefore 


2pX2 10 
100 
57800 þ = 3612 pounds. See Atwood on Rec. Motion 


pag. 264. 


when they are 9 in PE above caſe, ww = 


2. The 


8 
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12. The time in which a given weight 7 acting 
at the circumference of the cylinder whole radius is 
r, in order to generate the velocity v in the point 


$220 20185 ftp ii 


= For the quantity of matter moved = x7 1 = F 60; 


/ : , 
# by * 


the accelerating force . ; but when the velocity a d 


is v, the velocity of 7 will be T; and the time in which 
the above accelerating force will generate the velocity 


=, vill be © Faw Let d = 1 foot r=10 feet, —.— 
＋5 Fx , f= 


dre. v=1 foot in a ſecond, and W= 361 2, then will the 
2 „ 20+1806 _ 
= Th 20 
arm acting at the cireumference of che eylinder, could exert 
a force equal to 20 pound, it would in 28'z generate ſuch a 
momentum in a muſket ball, attached to the radius, at the 
diſtance of a foot from the axis, as would be equal to the 
force of a muſket ball diſcharged with its utmoſt we 
See Atwood ubi ſupra. | | 

13. When an animal moves a weight, its force 
is as the ſquare of the difference between the velo- 
city with which it moves, and the utmoſt velocity 
with which it is capable of moving, when not im- 
peded by any weight. . 
F0oor if the velocity of the animal were equal to its utmoſt 
velocity, it would have no force whatever to move the 
2 2 | _ weit 5 


time =—— = 28"% nearly. So that if 2 a man's 


4 
— 


- — — 


weight; it is therefore the difference b 
and that with which it actually moves, which is efficient 3 


| cient forces. 
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cen this velocity 


but the preſſure of the animal againſt the weight is ſuppoſed 


to be uniform and conſtant; its action therefore is analo- 


gous to the conſtant preſſure of a fluid, which is as the 
ſquare of the efficient velocity. 

It is admitted, that the preſſure of the ahn! is not, in 
fact, actually uniform during the whole time in which it 
acts, but it is nearly ſo, and we muſt make the hypotheſis 
of its uniformity, in order to enable us to ep to 
the true nature of its action. . . 

14. If a be the abſolute force of an animal, £c 
the utmoſt velocity with which it can move, when 
not impeded. v the velocity with which it moves, 
WR PORE by the Wks then will its force oi | 


to move the weight be — 4 X 1 — 


= 
Foro 7D Ss : ae therefore fp =a a X 


15. The utmoſt velocity with which an — 0 5 
not impeded, can move, is to the velocity with 
which it moves, when impeded by a given weight, 


as the ſquare root of its abſolute force to the dif- 


ference of the ſquare roots of its abſolute and effi- | 


Le, therefore 6 = = A u 


For 1 — — = 


16. The force of an animal 18 s greateſt, when 


the velocity with hien it moves is one - third of 
1 the 
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the greateſt velocity with which it is capable of 
moving, Ry not en | 


| —_ 
For the moment of the 3 = av X 9 ; ; which | 


is a maximum, when v = & c. 
According to Euler, the force of a man, at reſt, = 


6⁰ pounds; and the utmoſt velocity with which he can 


move, is 6 feet in a ſecond. Hence the greateſt force 
which a man can exert, when in motion, will be equiva- 
lent to 27 pounds; and he will then move at the rate of 
2 feet ina ſecond, | 

The ſtrength of a horſe is ſuppoſed to be ren ces 
greater than that of a man; and therefore = 420 pounds, 
when at reſt; and his greateſt velocity, at a medium, is 
equal to 12 feet in a ſecond ; therefore the maximum of his 


action, when in motion, will be 186% pounds; and he will 


then move at the rate of 4 feet in a ſecond. 


5 | 4 
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1. TEE reſiſtance which a body ſuffers from the 
fluid medium through which it is impelled, de- 
pends on the velocity, form, and magnitude of 
the body, and on the inertia and 8 of the 
fluid. 

Fluids reſiſt the motion of 1 no them, 1ſt. By 


the inertia of their particles, 2dly. By their tenacity or 


adheſion of their particles; and 30ly. By the friction of 


the body againſt the particles of the fluid. In perfect fluids 


the latter cauſes of reſiſtance are very inconſiderable, and 
therefore are not taken into account; but the former is 
very conſiderable, and it obtains equally in the moſt Per. 
fect as in the moſt imperfect fluids. | 

2. In fluids uniformly tenacious, the reſiſtance 
is as the velocity with which the body moves. 


Since 


-> 
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| Since the coheſion of the particles of the fluid is always 
the ſame in the ſame ſpace, whatever be the velocity, the 


reſiſtance, from this coheſion, will be as the ney deicribed 
in a given time, that is as the velocity. 

3. In a fluid whoſe particles move freely without 
diſturbing each others motions, and which flows in 
behind as faft as a plane body moves forward, fo 


that the preſſure on every part of the body is the 


; ſame, as if the body were at reſt, the reſiſtance 
will be as the denſity of the fluid. 


4. On the ſame hypotheſis, the reſiſtance will 65 


as the ſquare of the velocity. 


For the reſiſtance muſt vary as the number of particles | 


which ſtrike the plane in a given time, multiplied into the 


force of each againſt the plane; but both the number and 


the force is as the velocity. | 
This proof ſuppoſes, that after the body ſtrikes a par- 
| ticle, the action of that particle entirely ceaſes; but the 


particles, after they are ſtruck, muſt neceſſarily be made to 
diverge, and act upon the particles behind them, which 


makes ſome difference between theory and experiment. 
5. If a plane ſurface move perpendicularly for- 
ward, the reſiſtance will be as the area. 
6. If the plane move obliquely, the refiflnings: 
perpendicular to the plane, will vary as the ſquare 
of the ſine of the angle of inclination. - | 


For the number of particles which ſtrike the plane, will 
de diminiſhed in the ratio of radius to the fine of inclina- 


tion, 
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tion, and the force alſo of each e will be diminiſhed i in 


the fame proportion. | 
7. The reſiſtance of the Gan 3 in ths ber- 


tion of its motion will vary as the cube of the 


ſine of the angle of inclination. 
For the whole reſiſtance in a direction ale to 


the plane, and which is expreſſed by the ſquare of the fine 
of inclination, is to the reſiſtance in the direction of the 
plane 8 motion, as radius to the ſine of inclination. 

8. If a rectangular plane revolve round an axis, 
and m and be the diſtances of the ſides from the 
axis parallel to them, of which : is the leaſt, then 
will a the diſtance of the centre of reſiſtance om the 


ſo —— 
axis be = — e 


. 4 : 

The effect of 3 reſiſtance of any 3 þ of the . 
to oppoſe the force which cauſes the revolution of the 
plane, is as che reſiſtance of that particle, multiplied into 
its diſtance x from the axis of motion; that is, becauſe the 
reſiſtance varies as the ſquare of the velocity, as px®xx — 
x3; and the reſiſtance of the whole ſurface is equal to the 


ſum of all the px3.. | For the ſame- reaſon, the reſiſtance of 


the whole = d os. 4 being the area of the plane; that is, 


5 — 4 a 
ha = = = of all the px3 —= X.a = 2 1 2 
An 735 


X a {fla Vince 8 Lectures. 
0. = a ſphere and cylinder of hs fame ater | 
move in the direction of its axis, the reſiſtance to 
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the motion 1e b will be double of that to. 


the motion of the globe. 


Fig. 30. Let AFE be a diameter of the end of a cylin= 
der, parallel and equal to BD a diameter of the ſphere. 
BFD, whoſe centre is C, and CF, DE, BA perpendi- 
cular to AZ; draw 2P parallel to CF, and let it repre- | 
{ent the force with which a particle of the fluid would 
act perpendicularly at v, the end of the cylinder, in which 


caſe no part is loſt. Now conceiving the ſame particle to 
act upon the globe at P, part of its effect will be loſt by 
the obliquity of the ſtroke; draw PR a tangent to the 
ſphere in the plane PC, and QR perpendicular to it; 
draw alſo RS perpendicular to , and produce Q to 
m. Reſolve the whole force 2, into RP, SR; the 
| part RP in the direction of the tangent will be inefficient, 
and the part QR only effective; reſolve this into 8, 
SR; then 9S is employed in oppoſing the motion of. the 


globe, and SR perpendicular to it will be deſtroyed by an 


equal and oppoſite force, on the other fide. Hence the 


force with which the point v, at the end of the cylinder, 


is retarded, is to the force with which the correſponding 
point P on the globe is. retarded, as : , that is, 


as 325 __ ” is, (by n e as PC to 
Pm, or PC WA 


„or (taking vn = 


FE Fe 


: vn, or vm to vn; conſequently the whole reſiſtance on the 


cylinder : on the globe : : the ſum of all the vm's: the ſum 


of the vn's. Draw nr parallel to mC. Now vm: vn 5: 5 


20 C2: Pm, therefore vm or Y mn or Cr: :: PC or 
| 78M Ara 


*.- 


) as PC to 


i, 


2 ann = * - F, 
Soom ACS ISR hr Ang IR 8 = 
Ss # — — 


2 


i 


7 | 22 
r 
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AF? : Pc Pn, or rng; che locus therefore AnCE of 
all the points u is a parabola. Conceive now this figure to 
revolve: about FCG, then will AZ generate the end of the 
cylinder, and BFD that half of the globe which is reſiſted; 
alſo the ſum of all the vnꝰs will be the ſolid generated by 
the parallelogram AE DB, and the ſum of all the uns will 
be the ſolid generated by the inſcribed 8 ACE, which 
ſolids are as 2: 1. | 
When the bodies move flow, the cropdliien wil nearly 
hold. i in air and water, but more accurately in air, becauſe 
the particles move more freely, and leſs diſturb each other's 
motionsz but when the motion is greater, conſiderable 
aberrations will ariſe ; both from the mutual diſturbance of 
the particles, 'and the fluid not flowing in behind, as faft 
as the body moves forward: alſo in the air, a new cauſe | 
of aberration will ariſe from the condenſation of the fluid 
before the body. Sir I. Newton ſuppoſes, that in a con- 
| tinuous non-elaſtic fluid, infinitely compreſſed, che refiſ- 
| tance of a ſphere and cylinder are equal; but this appears 
to be an error in theory as well as in fact, for the Lemma 
on which he founds his inference has been juſtly called 
in queſtion; and, when the motion is flow in water, the 
fluid may be ſuppaſed to be nearly of that nature which 
Newton ſuppoſes ; yet the reſiſtances are as nearly coincis | 
dent with theory, as when the motion is in air; thus 
| Borda found the | reſiſtance of a ſphere . in eden 


* i 3 is half of the circumſcribed inte. bee F aqui 
neren, Vol. 2, No. e | 5 : 
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be to 4 e as 1 to dane et in air the re- 
: Ranres merge 10 1 to 2,45. x | 
Experiment gives the ratio of the ee greater as, : 

that of 2 to 1; and the reaſon ſeems to be this.: ms 
ſuppoſes the action of every particle of the fluid to ceaſe, 
the inſtant it makes its impact on the ſolid ; now this is 
not really the caſe, as we have already obſerved; and ſince 
| the, particles, after impact on the ſphere, ſlide along its 
curved ſurface, and ſo eſcape more readily than -along the. 
face of the cylinder, the error will be greater in the eylin- 
der, that is, the greater reſiſtance will exceed theory more 
chan the leſs. It is alſo to be obſerved that the difference 
between the reſiſtances of the globe and cylinder in water 
18 greater than in air, directly contrary to what might be 

: inferred from Newton” s reaſoning, which ſuppoſes them 

equal i in a continuous fluid, but in the ratio of 1 to 2 in 2 
rare fluid. 
10. The W 4 a 8 ſürftee moving per- 
pendicularly in a fluid, is equal to the weight of 
a column of the fluid, whoſe baſe is the reſiſted 


ſurface, and altitude equal to the ſpace through 
which a body falling from reſt by the force of gra- : 
vity acquires the velocity of the moving plane. 

The reſiſtance to the ſurface is meaſured by the number of | 

equal particles impelling it directly in a given time, and the 

velocity of each conjointly; or when eſtimated in an inſtant, 

by one lamina of the fluid, whoſe area is equal to that of 

the given ſurface, multiplied into the velocity. But if 

this lamina were to impinge directiy againſt the loweſt | 
A a 2 955 lamina 


| 
} 
| 
| 
1 
j 
i 
i 
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lamina of the column, with a velocity equal to that with 


which the fluid would flow out, if an aperture were made 


in the bottom, it would manifeſtly prevent the: efflux of 


the fluid, or be equivalent to the weight of the. column 
perpendicularly e which n the —_—_ ah 
the efflux” 

The impact of a fluid cannot be properly ſaid to be wo 


to a weight; but conſidering them as forces, whoſe mag- 


nitudes are eſtimated by their contemporary effects, when 

theſe effects counteract each other, the forces may be ſaid 

to be equal. See Parkinſon? Nat. Phil. pe 17%. 
11. If a cylinder move in the direction of its 


axis, the reſiſtance will be equal to the weight of 


a cylinder of the fluid of the ſame baſe with the 
ſolid, and whoſe altitude is equal to the ſpace 


through which a body muſt fall to acquire the ve- 


locity of the body : and the reſiſtance to a globe of | 
the ſame diameter will be half that waht. © 

For the anterior plane ſurface only of the cylinder will 
communicate motion to'the fluid, becauſe the curved ſur- 
face is parallel to the direction wherein the body moves: 
let d be the diameter of the cylinder, p the periphery of 
a circle whoſe diameter is unity, 2 the ſpace through whith _ 
a body x muſt fall to acquire the velocity with which the cy- 


under moves; then will 5 — be the baſe of the e cylinder, 


and 2280 will be the weight of the fluid which mea- 


| ſures ND 
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 fures the reſiſtance, 'when unity expreſſes the A of the 
fluid. | 

Since, the reſiſtance of a bene half that of a cylin- 
der, it will be equal to = —. : 


1s. The force of reſiſtance which is 3 to 
a ſphere, is to the force which would deſtroy the 
ſphere's whole motion, in the-ſame time in which 
it deſcribes uniformly + parts of its diameter, as 

the denſity of the fluid to the denſity of the ſphere. 
Let the ſpecific gravity of the ſphere be to that of the fluid 
as u: 1, 0 its weight, and v its velocity; the time of deſcrib- 
ing 4 d uniformly, with the velocity v, is equal to the time of 
deſcribing half that ſpace or +5 d from reſt, by the conſtant 


7 \ 75 r nd wo = p14 QA 

action of F; and (LeQ. 18. Art. 13.) F: w 1 
„„ : | . - 7 2 

N : « 2 7 ba 

and F — 06 . Dat e = 5 and conſequently 7 


But the reſiſtance of the ſphere = = 2 ; Conſee 


3 F: reſiſtance of the ſphere : 22 21. 

13. The motion of bodies in reſiſting mediums 
which at firſt is accelerateds will at TOE booty ; 
| uniform. * 
14. As a body deſcends i in a fluid, it continually 
adds more weight to the fluid until it has acquired 
its greateſt velocity, at which time the weight 
added to the fluid is N to the weight of the 
8 
25. The 
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3. The greateſt velocity which a. globe can ac - 
quire by deſcending in a fluid is equal to that which 
a heavy body would acquire in falling through 
a ſpace equal to + of its diameter, multiplied by 
the difference between the numbers expreſſing the 


5 ſpecific gravities of the globe and fluid. 
For — 1 is the relative grav ity of the globe, and 701 3 its 
magnitude, therefore ＋ r. þd 3 * — —1 is the relative weight by 


2 


: 1 is _ downwards; and the refiſtance = — = 7" 


125 2 


now wherk: "OY nei; is: rot benen. 


or — 0 11. 5 6 
16. Theſe uniform e will be 1 in the ſub- 


| duplicate ratio of the diameters of the bodies. 
For = or the ſpace through which a body muſt fall by 


the force of gravity to acquire the greateſt velocity, i is · equal 


2d X 1 „and therefore i is directly as d; but the veloci- 
ty is in the ſubduplicate ratio of the ſpace. 

17. Mathematically ſpeaking, bodies nflunding 
in fluids will not acquire their ultimate and uni- 
form velocity in any finite time whatever. | 

Fig. 31. The abſolute force with which the body deſcends 
is the difference between its weight and the weight of an 
equal bulk of the fluid; and this difference divided by the 

1 of the body will be we accelerating e which 
| | let 
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let us ſuppoſe equal to 4; now 42 refiting force increaſes 
as the ſquare of the velocity v, and therefore will be equal 
to ſome conſtant quantity multiplied into v*; let this quan- 
tity be e, therefore the abſolute accelerating force, upon 
the whole, will be d—ev*®, Let the conſtant force d be re- 
: preſented by the given line AC, and let the decrement of 
' this force by the reſiſtance, be AK, and conſequently the 
abſolute accelerating force = KC; alſo let the abſolute | 
velocity AP of the body be a mean proportional between 
AC and AK, and therefore in the ſubduplicate ratio of 
AK. Let the increment of the reſiſting force be KEE. 
and the contemporaneous increment of the velocity be P.; 
with the centre C, and the rectangular aſymptotes AC, 
CH, let the hyperbola BNS be deſcribed, meeting the or- 
dinates AB, KN, LO. Becauſe AK:: AP?, the mo- 
ment of che former KL will be as the increment 24 
of the latter; that f is, as AP KC, for the increment 
P9 of the velocity is as the abſolute accelerating force 
KC; therefore KLXKN : : APXKCXAN: : AP, be- 
cauſe KC KN is conſtant, Therefore the indefinitely 
little hyperbolic area KNOL :: AP. And the hyperbolic 
area ABOL is compoſed of the particles KNOL always | 
proportional to the ſpace deſcribed with that velocity, the 
particle of time, in which KL is generated, being given. 
Conſequently, when KC the abſolute accelerating force 
yaniſhes, that is, when the motion of the body becomes 
uniform, the ſpace deſcribed ABSHCA4, and thereſore the 
time, will be infinite. | 


18. The 
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18. The rejardaticns & en bodies moving 
in different fluids are to each other as the denſities. 
of the fluids and ſquares of the velocities directly, 
and as the denſities of the bodies and their diame- | 
ters inverſely. 

We muſt take care to diſtinguiſh the ance of a bby | 
from its retardation; ; reſiſtance is the quantity of motion, 
retardation the quantity of velocity, which is loſt ; there- 
fore the retardations are as the reſiſtances applied to the 
quantities of matter; and in the ſame body the reſiſtances 
and retardations are proportional to each other. . 

19. If the fluid does not flow in behind the body 
as faſt as the body moves forward, the reſiſtance 
will very much depend on the configuration of Uo 
hinder part of the body. —_ 
Thus the reſiſtance to the fore-part of a cylinder is leſs 
than on the equal flat ſurface of a cone, or of a hemiſphere, 
See Hutton s Dit. Article deen 
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1. FRICTION is the reſiſtance which a moving 
body meets with from the ſurface on which it 
moves; and may be conſidered as a retarding 
force, acting in a direction contrary to that winch 
moves the body. 5 

2. If an hard flat body be PR Rs another, 
its friction will be an uniformly retarding force, 


Hence it follows, that the quantity of friftion does nok, 
Jepind on the velocity with which the rubbing parts. move 


upon each other. See Vince's Lectures. 
3. If M. conſidered as an hanging weight, TY 
the moving force, F the quantity of friction con- 

ſidered as equivalent to a weight without inertia, 
drawing the body back upon an horizontal plane, 
| nd 7h.” Ou deſcribed by M in z ſeconds, and 
: e R b 5 © " HO 


- 


| 


* 
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| ] = 193 inches, then = HE * gte; whence 
N 1 . 
gt; 
See Vince's Lectures. 
4. The quantity of friction encreaſes.' in a leſs ratio 
than the weight of the body. 


If M and be encreaſed in any ratio, then if F. in- 
creaſed in the ſame ratio, the ſame ſpace would be deſcri- 
| bed in the ſame time; but by thus increaſing. 7 and V, 
it appears, by experiment, that $ is increaſed in the ſame 
time; therefore F muſt have increaſed in a leſs ratio. 

5. The friction of a body increaſes with the fur- 
face, but i in a leſs ratio. 

6. A greater force is -requilit te to ſet a oF in 
motion than to continue that motion without acce- 
leration. | 

By a variety of experiments it is found, that "INT" d of 
2 weight is requiſite to move that weight, when drawn 
along an horizontal ſurface ; and about th of the weight to 
continue it in motion. This difference has, in general, 
been attributed to the attraction of coheſion; but that this 
attraction cannot be the cauſe, appears from this, that the 

difference of the forces neceſſary to ſet a body in motion, 

and to continue it, Which is generally about , of the 

whole weight of the body, is much leſs than the force ſuf- 
| Kicient to overcome the attraction of coheſion even in a 
direction perpendicular to. the ſurfaces. The cauſe of the 
. e e 18 IO the momentum of the 
; y 17 1 | uy 
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body once ſet in motion, by which; it happens * the moving 
body, in deſcending down the face of the little cavities in the 
plane on which it moves, has a ee to aſcend the face 
| « the next cavity, | | 

7. If a body whoſe tain of Ge ien falls within 
the baſe, be drawn along an horizontal plane by a 
force acting at the centre of gravity, and parallel to 5 
the plane, and the friction be equal to or greater 
than the moving force, the body will roll without 
ſliding, when the weight is to the moving force in a 
leſs ratio than radius to the tangent of the angle 
which the vertical line makes with that drawn from 
the centre of gravity to the centre of rotation. 

Fig. 32. Let C be the centre of gravity, CB the line of di- 
rection, Ce the direction of the moving force parallel to the 
plane 80; ſince the friction is equal to or greater than the 
moving force, the point A will be at reſt, and AC may be 
conſidered as a lever whoſe fulcrum is 4, and, the extremity 
C acted on by two forces, the moving force in the direction 
Cc, and the weight of the body 1 in the direction CH; now 
the efficacy of the moving force to turn the lever is as the 
force X {ine of the angle CA; and the force of the weight 
to move the lever in the contrary direction, is as the weight 
* fine of the angle BCA; therefore theſe forces are equal 


* che moving force = weight X 25 BCA = weicht 


tangent BCA. In a ſphere, fince the tangent of BCA: „ 
| niſhes, it will roll, whatever be the magnitude of the moving 5 


force. 


Bs 1 = > 
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18. If he friction be leſs than the moving force, 
| the body will both ſlide and roll, when the weight 
zs to the difference between the friction and the 
moving Adee in a leſs ratio than en to the ſame 
tangent. | | | 

For the point A is el forward A the difference be- 
tween the moving force and friction; therefore in order to 
determine the motion of the body we may conſider A at 
reſt, and C ated on in che direction Ce wih a force equal 
to that difference. | Tg | 

9. If the friction be eſs aw hs: moving 8 
the body will ſlide without rolling, when the weight 
is to the difference between the moving force and 
friction, in the ſame or a greater ratio than radius 
to the tangent of the ſame angle. 
S _ this can never be: the e if it be of ay, 
| Suite weight. | 

10. If the 1 8 he” ts all flide 
without rolling, whatever be its weight or e 
force. © © „„ 3 a N 3 

1 T. When the nab of direction fals without the 
baſe, if the friction be equal to or greater than the | 
moving force, the body will roll without Jiding. h 
12. If the friction be leſs than the moving force, 
the body will both ftide and roll. | 
3. If a body be placed on an inclined plane, 
and the plane be elevated until the body will 


ide, if the elevation be further increaſed by the 
— 2 „ e 9 88 
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ſmalleſt quantity; then will the friction on the in- 
Tlined plane be to the weight of the body, as the 
ne of the angle of elevation to radius. | 
"The angle of cleration in ny caſe is called the "Oy of 
Ghote : 5 BED | 
14. The friction on an na plane is ts te the | 
3 of the body, as the e of the e of 
ene to radius. 5 
For the friction on the horizontal . is to the friction 
on the inclined plane, as radius to the coſine of the angle 
| of quieſcence. 
15. When a 885 deſcends down an inclined 
plane, the phænomena of fliding and rolling are 
determined in the ſame manner as on an horizontal 
plane, if inſtead of the weight we ſubſtitute the 
weight x. coſine of the angle of elevation; and in- 
ſtead of the vertical wn a line Ee e to the 
inclined plane. e Cont 
16. When a ſphere rolls down an inclined plane 
without fliding; the velocity with which any point in 
the periphery revolves round the centre, is equal = 
1 with which the centre of gravity moves. 
For when the ſphere has performed one revolution, the 


centre of gravity has deſcribed a ſpace equal to the cir- 
cumference, therefore the ſurface aud che centre of ws 


rity move with _ velocities. 


a. 


17. When | 
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417. When a ns rolls down an inclined plane, 
the accelerating force is to the force which would 
accelerate it when munen without e as 5 
to 7. | | - 
Let / be the radius of the ſphere, g the diſtance of the 
centre of gyration from the centre, w the weight of the 
ſphere,” þ the height of the plane, and / its length; the 


| Inertia of the ſphere which reſiſts the communication of | 


motion to the circ umference, to which the moving force is 


applied, will be the lame as if 2 * 8 = were collected] in the 


| e (Led. 19. Art. 22 ) „ ſince it moves es equally faſt 
with the centre of gravity z the whole maſs moved is there: 


* 


fore wi = 2 W, becauſe 4 "uk +2 x2, but the 


moving fores 3 is the ſame in both caſes, whether there be 
friction or not; therefore the accelerating forces will be 
_ inverſely as the quantities of matter moved. 

18. A power which moves a body along an ho- 
rizontal plane, acts with the greateſt advantage, 
when the line of direction makes an angle of 18 
with the plane. 


Fig. 33. Let A be the body which i is to he Sn along 
the horizontal plane 4C, by a given power eſtimated in 


quantity and direction by 4B; let fall the perpendicular 


| BC; let the given line AB = 1, BC = &, AC =T—xME 
'= the force moving the body horizontally. The pow- 
er, by its oblique action, diminiſhes the preſſure of the 
| weight 
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| weight on the horizontal plane, in the ratio of 1: x; there-, 
„fore Ax = that part of the preſſure which is taken off, and 


the actual preſſure = A — Ax. Let friction = = part 


of the weight ; in this cafe it will be = „ = Fae 
The force therefore requiſite to move A horizontally, muſt 
be equal to the horizontal force diminiſhed by friction A 


1 . * a _ 
1— 2 ww 1 A + — Ax, a minimum, therefore its fluxi- 


dhe angle BAC; which, ſince 7 17 in benen will be 
; 2 | | | 
== Bags 10. 4 

19. If the mne along a the 69h is to 1 
moved, be inclined to the horizon, the ſine of the 
angle which the line of direction of the power 
makes with the 9 5 when it acts with the greateſt 

4. 
ca- 
the angle of elevation to radius unity. 

20. Friction is diminiſhed by making the ſur- 
faces ſmooth which move upon each other. | 

But there is a limit to this ſmoothneſs, for the poliſh ge --- 
the ſurfaces may be ſo far increaſed, ay to render the at- 
traction of coheſion very ſenſible. 2 5 


advantage will be = 3-0 "DEP the coſine of 


5 . | 21. Friction 


Fg - Mp 
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21. Friction is diminiſhed by anointing the _ 
bing ſurfaces with ſome unctuous matter. 
22. Friction is diminiſhed by cauſing ſubſtances 


of different kinds to move upon each other. 


Both becauſe the attraction of coheſion will be leſs; 
and alſo becauſe, on account of the diſſimilarity of the ſur- 


| Faces, the eminences and cavities will not ſo often correſ- 


pond, 
23. F riction is diminiſhed by diminiſhing the ſur- 


hens? in contact. 
24. Friction is diminiſhed by cauſing the body 

to roll rather than ſlide along the ſurface, 

25. The effect of friction is diminiſhed by difi 


poſing the parts of the machine in ſuch a manner, 
as that the ratio of the velocity of the parts which 


rub againſt each other to the velocity of the 1 
may by as ſmall as poſſible, | 


„ 
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as "HE « advantage of wheels ariſes from, their 
turning on their axles. 7 

For when a Wheel turns on an . ; the force. to « over- 
come the friction i is diminiſhed in the ratio of the radius of 
the wheel t to the radius of the axle; 5 and no advantage i 
gained if they do not turn. 5 
2. A wheel carriage is drawn by the leaſt power, 
when the line of draught paſſes through the centre 
of gravity of the carriage, and parallel to the plane. 
on which it moves z 3 or rather when it forms a ſmall | 
” with it. | | 5 

1 the wheels be all 1 it requires the Gd 

Bp to draw the carriage, whether it be e 
before or Behind... 


If the plane be Kd it is Cs that « breadth 8 | 
the wheels will make no. Mics in the reſult. 


"Cc. 


/ 


9 5 
yet) 
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PE A carriage is more eaſily drawn with four 
equal wheels, than when the two fore wheels are 
| ſmaller than the two hind wheels. : | 

5. If two wheels be high and two low, it makes | 
no difference which go before. 

However it is convenient that the fore wheels ſhould be 
the lower, 1f. Becauſe leſs room is requiſite for the turning 
of the carriage. Adly. A horſe is generally. the moving 
power, and from the make of his body, he draws with 
moſt advantage when the traces make a ſmall angle with 
the plane on which he moves. 3dly. A part of the force 
of the horſe will be thus exerted in lifting the weight as 
well as in drawing it; and it is found that a horſe moves 


8 4 greater weight, when a part of it is laid on his back. 


Athly. In moving over obſtacles, the power will be exerted 
more nearly in a direction parallel to the plane on which . | 
the body is then moving. See Wallis vol. 1. p. 979. 

8. the wheels be all equal, it requires a greater | 
weight! to draw the carriage when Hs are leſs than 
when greater. „„ 8 ; 

© Becauſe the reſiſtance of 5 good, which turns the 
wha about, more eaſily overcomes wh friction at the axle 
e ee 12 1 

J. If the fore wheels of a carriage be leſs n 
the hind wheels; it will be drawn upon an hori- 
Zontal plane with greater eaſe en the e is 
e bebind, than woe ee e 
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1. HyprosTaTICS is that part of Natural 
Philoſophy, which treats of the 5 e and 1 
librium of fluids: | : 
2. Fluids are divided bobs two claſs, coherent 
J_ eherne. e 
They are ſometimes otherwiſe diſtinguiſhed into com- 
preſſible and incompreſſible;ʒ z but this diſtinction, ſtrictly 
ſpeaking, appears to be inaccurate :, for all bodies being 
porous, their parts may be brought nearer to. each other; 
and a liquid 1 is an aſſemblage of ſolid bodies, and therefore | 
C ſhould alſo. be compreſſible. Accordingly Mr. Canton bes 
| proved that water is compreſſible. | | | | 
. luids gravitate in their own. ns. or, as. 
it! is otherwiſe expreſſed, in proprio loco. 
For When a body ſpecifically lichter than the fluid 
oF on ER if we ſuppoſe an imaginary plane to. touch 
KN „„ ge or the 
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the lower 7%. of the ſolid, every part of this plane 
| muſt be equally preſſed, otherwiſe a motion would enſue : 
but the plate of water on which the ſolid reſts, ſuſtains the 
whole weight of the ſolid ; ; therefore. every other equal plate 
at the ſame depth muſt ſuſtain an equal preſſure; now it 


is found that the columns of the fluid, which are inſiſtent 
on equal plates of water at the ſame depth, are of equal 


weight with the ſolid. 


4. A lighter fluid gravitates on an beavier, id 
an heavier on a lighter. 9 7 
5. The preflure of fluids 1 is propagated equally 
in ip directions. | | 

If a fluid be ſtagnant, the direction of the 


8 e is perpendicular to the want in the ſe- 
veral points of the ſurface. 


7. The ſurface of every ene, liquid is 0 


zZontal. © 
8. On the earth, the 8 as; a fluid of ſmall 
.extent may be conſidered „„ 


Aqui: the parts of a fluid gravitate towards a 


common centre, the ſurface of the Fg: when in 
| 50 GX opgs will be ſpherical. 


10. If a fluid maſs be in equilibrium, the fluid 
in any communicating canals will alſo be in equi- 5 
librium. | 
TIF, A fluid maſs Ta into various lamine, 
whoſe tangents are perpendicular to the direction 
of gravity, will be in aden. if 1 in each point 
1 F 8 


> 
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the des WY ah Wen be reciprocally a as the : 
force of gravity in that point. | 
12. If the denſity of a fluid be uniform, the 
prefſure at any depth is in proportion to the 
depth. | 
13. Fludity does not conlilt i in the inteſtine mo- 
tion of its . , | 


14, Fluidity, according to the Newtonian yt 1 
tem, ariſes from a want of any ſenſible coheſion, 
between the conſtituent particles of the fluid. | 
This want of coheſion is attributed to the ſpherical figure | 
of the particles: for though the contacts of ſpheres are 
merely points, yet fince the force of coheſion extends to 
ſome finite diſtance, and that diſtance is the ſame in all 
cafes, the ſpheres will attract each other by the action of 
circles whoſe centres are the points of contact, and whoſe 
radii are = diameter 3 X ſquare root of the ſpace through 
which the attraction extends; ; but theſe e are as the 
ſquares of their radii, that is, directly as the diameters of the 
| ſpheres ; and therefore if the ſpheres be nearly evaneſcent, 
the attraction of coheſion, which 1 is proportional to them, | 
will be likewiſe phyſically evaneſcent. | 

15. Fluids of uniform denſity preſs according 
to their perpendicular altitudes, whatever be their 
quantities, or the ſhape of the containing veſſels. 
16. In communicating veſſels, a given fluid will 
ſtand at the ſame height, whatever be their forms 
or poſition. | 
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* T two e fluids be poured, the 


one on the other, their common furface will be 
level. „„ 5 


7 


18. If two Fenin fluids communicate, they 


will ſtand at altitudes. from the plane, where they 


meet, which are inverſely as their ſpecific gravie : 
ties, „ | - 
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To Taz preſſure {ſuſtained by any ſurface is equal. 
to the weight of a pillar of the liquid, whoſe baſe 
1 the preſſed ſurface, and height 1 is the perpendi- 
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cular diſtance of the centre of gravity of that fur- 

face from the upper ſurface of the liquid. ES 
'2. A body immerſed in a fluid is prefled by it in 

every direction, and the preſſure is greater in Tous 

og to the depth to which it is immerſed, 
Hence is derived a method of meaſuring the NS of an 


: unfathomable ſea: to the bottom of a hollow ſphere is at- 


tached a veſſel containing ſome mercury, in which i is im- 

merſed a tube, hermetically ſealed at top, and within this tube 15 
is a little floating iron gage, which by the preſſure of a very 5 
tender ſpring, adheres to whatever part of the tube it is 
forced z z in the upper part of the veſſel arc. ſome holes to . LS 
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admit thę water; to the bottom of this veſſel is added a 
heavy weight, which is immediate] y diſengaged, when the 


inſtrument ſtrikes the bottom; it then aſcends, and the 


height to which the mercury has been made to aſcend, by 
the preſſure of the water, indicates the * to which the 


inſtrument had deſcerided. 
3. The centre of preſſure 422 a. ſurface is that | 
point, to which if a force equal to the whole preſ- | 
fure were, applied, but in a contrary direction, it 
would keep the ſurface at reſt. | 
4. If a plane ſurface which is —_ by a liquid 
be produced to the ſurface of the liquid, and their 
common interſection be made the axis of ſuſpen- 
ſion, the centre of dere will by the centre of ; 
preſſure.” : 


Fig. 34. Let ABCD be the hd of the 44a, which 
preſſes on the plane FI; produce the plane until it meets 


the fluid in the line mS; let O- be the centre of preſſure; 


from any point x, of the ſurface, erect the perpendicular 


xv to the ſurface of the fluid, and in the ſurface draw 


vm perpendicular to the interſection md. The preſſure on 


Vis as XXxv 3, and its effect to turn the plane about ms 
is af  xXavXx ms. ; alſo its effect to turn the plane about 
SE, will be as vx m8. In like manner if, the plane 
wr be ſuppoſed to revolve round the axis ms, and to 
firike an obſtacle at O, the percuſſive force of the particle 
E, by which i it endeayours to move the plane about ms, will 


be as xx ns, or as N vm N avs and its force to turn the 


plane 


bl 
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| plane about SL, will be as XX um N nd, or 28 xX xvxm8. 
The percuſlive forces therefore of the particles, whereby 
they endeavour to move the plane in the two directions, 
are the ſame with the forces of preſſure, and therefore the 
centres of prefſure and percuſſion are coincident. 

5. The centre of prefſure for a right line or rect- 
angular plane ſurface is at the diſtance of two-third 
parts: from the ſurface of the fluid. N 

6. If 4B be the interſection of the dete fur- 
face and of the ſurface of the fluid, AC a plane 
paſſing through the centre of gravity and perpen- 
dicular to AB, DC a perpendicular let fall fron: 
any particle of the preſſed ſurface on the plane 
AC, and P the centre of preſſure, from which is 
drawn PB perpendicular to AB, then will 4B, the 
diſtance of the centre of preſſure from the plane AC, 
G C DD 

Body AG- ' 

Fig. 39. For the fum of all the forces with which the ſur- 
face is turned in one direction round P Has an axis = ſum of 
all the Dx ACA Hd; and the ſum of all the forces 
with which it is turned in the contrary direction = ſum of 
all the DAC BD I; therefore all the DX ABX AC | 
| = all the DXDCXAC; but all the DXABXAC= all. 


be equal to the ſum of all the 


the DX ABX AG + all the DX ABXGC; and all the 5 


Dx ABXGC =0, from the nature of the centre of gra- 
rity: in the fame manner, all the DX DCN A = all 

the 1 aac all the DX AGX DC; but all the 
Dd: Dx 


a+; HYDROSTATIC, —_ I. 2. 
Dx AGX DC = 0z therefore all the DXABXAG = 


Il the DXGCXDC | 
DXG 2 
n che * CXDC; and AB = Val the B 


The ſame rule ſerves for determining the centre of 9 f 
cuſſion; See Phil. Trans. No. 345, page 339. 
Since the centre of oſcillation always lies in the right 
line, paſfing through the centre of gravity and perpendicu- ö 
lar to the axis of motion, or interſection of the preſſed 
ſurface and ſurface of the fluid, it follows that the centre 
of preſſure is not * roinchlent with the centre of of 

eillation. | 

To Ne entire lateral pete of a. veſſel whoſe | 
85 ſides are perpendicular to the baſe, is equal to the 

weight of the fluid contained in a triangular priſm | 
whoſe altitude is that of the fluid, and baſe is 
2 parallelogram, one fide of which is equal to the 
altitude of the fluid, and the other to the E perimeter 
of the veſſel, 1 ; 

8. If a tube open at beth oY be inſerted | 
into a cloſed veſſel, and water be poured in, ſo as 
to riſe in the tube to any altitude, the preſſure 
which the top of the veſſel ſuſtains, is equal to 
the weight of a pillar of the liquid, whoſe baſe i is | 
the area of the lid of the veſlel, and altitude equal 
to that of the water in the tube. Owl 
Hence is explained the Hydroſtatical paradox, that the 
greateſt weight may be ſuſtained W the leaſt * 


e NO. | 188 
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9. If a body be immerſed in a liquid of a leſs 5 


a greater ſpecific gravity, the force with which it 


_ deſcends or aſcends is the difference between the 
weight of the folid and an equal bulk of the li- 
quid. | | 
The farce with which a body ſpecifically lighter than a 
fluid, endeavours to aſcend in it, may be applied to raiſe 
heavier bodies, namely by uniting them firmly together. 
On this principle are conſtructed the machines which in 
Holland are called Camels, 
10. If a body be immerſed in a | fluid Pere 
lighter, it loſes a portion of its weight equal to 
that of an equal bulk of the ſolid. 85 
11. The weights loſt by different bodies are as 
their magnitudes, whatever be their ſpecific gravi- 
ties. 55 1 ok 
12. This weight is not abſolutely loſt but is 
added to the fluid. 
: 88 q: This weight is 18 not rid either by the depth 
| 60 the fluid, or the 885 to which the e is im- 
. merſed. | | 
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LECTURE 


+. T HE denfities or ſpecific gravities of bodies 
are directly as their weights, and unyerſcly a as their 
magnitudes. | 
In eftimating the weights, angles; and ſpecific gra- 
vities of bodies, ſome ſtandard quantities are always aſſum- 
ed, to which others are referred; the ſpecific gravity and 
weight of 4 given magnitude of water are thoſe ftandard 
quantities, the denſity of rain water being found more uni- 
formly the fame than that of any other ſubſtance. 5 
2. The ſpecific gravity of a ſolid is to that of 
a lighter fluid, as the abſolute weight of the ſolid 
to the weight which it loſes when immerſed in the 
3. The ſpecific gravities of two ſolids both ſpe- 
cifically heavier than a fluid, are to each other di- 
| 1 88 
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rely as their abſolute weights, and inverſely as the 
weights which they loſe in the fluid. 

If the abſolute weights be equal, the ſpecific gravities 
will be reciprocally as the weights loſt ; therefore if two 
bodies of different ſpecific gravities balance each other in 
air, when immerſed in water the equilibrium will be de- 
ſtroyed. Thus if two cylinders of copper and braſs be 
exactly counterpoiſed in air, and both be immerſed in wa- 
ter, the copper will preponderate. 'The weight requiſite 
to reſtore the equilibrium may be thus found; let 20 be the 
common weight of the braſs and copper, h the ſpecific 
gravity of braſs, and c the ſpecific gravity of copper, that 
of water being unity; then the weight loſt by the braſs = 
| - ; for the ſame reaſon, tlie weight loft by the copper = 
=1 a and the difference of the weights loſt = . — = 
_ 

N X wo 
hs The pacific aravities ” two \ fluids both 5. 
cifically lighter than a ſolid, are to each other di- 
rectly as the weights which that ſolid loſes, when 
immerſed in the fluids reſpeCtively. - 

A cubic inch of any ſubſtance being immerſed in water 
wks 253.18 grains of its weight; if it be immerſed in 
ſpirits of wine it loſes 217 grains, therefore the weight 
of a cubic inch of water is 253. 18 grains, and that of a 


cubic inch of ſpirits of \ wine is 217 grains; wherefore the 
ſpecific 
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? ſpecific gravities of water and ſpirits 25 wine are as 2 $3: 18: : 
217z Or as: 1: 857. | 

5. If a ſolid ſpecifically heavier "cs a fluid 3 | 
| immerſed to a depth, which i is to its thickneſs, as 


the ſpecific gravity of the ſolid to that of the fluid, | 


and the preſſure of the fluid from above be re- 
| moved, the body will be ſuſtained by the fluid. 


6. If a body ſpecifically lighter than a fluid hy | 


immerſed therein, and the preſſure from beneath 
be removed, the body will continue depreſſed. © 
| Hence it follows, that there is no ſuch property in mat- 
ter as abfolute levity, by which bodies are made to aſcend 
from the ſurface of the earth, in tlie ſame manner as they 
are made to deſcend towards it by.the force of gravity. . If 
. cork. aſcended in mercury by an abſolute levity, it ought - 
alſo. to aſcend, even though the preſſure of the mercury 
- upwards were removed, fince removing the mercury from 
beneath could not deſtroy any eſſential property belonging 
to the cork itſelf, When bodies therefore aſcend in fluids, 
they aſcend by their comparative , not by their abſolute 
jevity; that is, they aſcend becauſe they are lighter thari 
the fluid, and. not becauſe they have a ey contrary 
to that of gravity. = 

7. If a body be of variable ſpecific bs. it 
will either fink,” aſcend, or remain ſuſpended, ac- 
cording to the degree of that e ſpecific _ 


vity at different periods. 5 
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1. IF a body float on the ſurface of a fluid, it dif- 
Places as much of the Hale: as 1s equal | in weight to 
the whole body. | | N 
2. A ſolid floats permanently in a given poſi kion, 
when the ſmalleſt inclination from that poſition 
being produced, the line of ſupport is moved to- 
wards thoſe parts which are is by the incli- 
nation. 


The line of ſupport | is the vertical line paſſing ana 
the centre of gravity of the part immerfed, f 


3. A body cannot float permanently on a fluid, 
unleſs the centres of gravity of the ſolid and of 
the part immerſed be ſituated in | tho fame vertical 


line. ; 
a 4. A body will not always float permanen tly 
when 


PLEA hh ems hr AE mg 2 2 — 
a * — ; 4 — e — 5 — — © 0 = = — — — fo Re” — cm: N * — I \ _ 
3 * 2 S S , 55 : - — — _ 2 — 3 — — — _= 
: 1 fk te * N a 5 = 
ov 4 2 * EC. —— . 2 — „ 1 ja a = 2 
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* _— wa — r. 2 2 
N at A ; 
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when theſe centres are ſituated in the ſame verti- 
cal line. 5 . 
5. If the line of 1 be 8 towards 


thoſe parts which are elevated by 255 inclination, 
the ſolid will overſet. 


6. If the line of ſupport, notwithſtanding the 
inclination of the body, ſtill paſs through the cen- 
tre of gravity, the ſolid will continue at reſt in 


any poſition. 


This, as is eaſily ſeen, will take place i in a a floating ſphere, 
in which the centre of gravity | of the part immerſed is 


| always 1 in the ſame vertical line. 


7., When a ſolid is placed on the ſurface of a 


fluid, ſo that the centres of gravity of the ſolid 
and part immerſed ſhall be in the fame vertical 


line, the fold is aid to be in a ſtate of equili- 
brium. 


From the ating lara. it appears, that 8 | 


are three ſpecies of equilibrium, viz, of ſtability, inſtabi- 


lity, and indifference, 

8. When a floating ods revolves round a given 
axis, and paſſes through ſeveral poſitions of equilt- 
brium, t thoſe of ſtability and by are ory 
nate. 

For if we ſuppoſe the body: to revolve on its 185 e 
one poſition of ſtable equilibrium to the next, there muſt be 
ſome intermediate poſition, , in which it neither inclines to 
the one nor to the other ; this 1 muſt be a poſition of 

- unſtable 
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unſtable ee becauſe if the body be inclined either 
to the one ſide or the other, it will endeavour to regain 
either the one poſition of ſtability, or the other. 


9. The angular motion of a | Hoating body is is 


round its centre of gravity: 


Any force being given which acts upon a 1 in : order 
to determine its angular motion, it is to be reſolved into 
two forces, one of which paſſes through the centre of gra- 

vity, and produces a progreſſive motion only; the other, 
which is at right angles to the former, is entirely employed 
in generating an angular motion round that centre. 


10. If a ſolid be placed on a fluid, and there be 
let fall a perpendicular from the centre of gravity 
of the part immerſed on the horizontal ſurface of 
the fluid, and on this perpendicular there be let | 
fall another from the centre of gravity of the whole 
ſolid, and a plane be drawn paſſing through theſe 
two perpendiculars; ; when the ſolid is diſturbed 
from its equilibrium, it will begin to revolve round 
an axis which paſſes through the centre of gravity 
of the body, and is perpendicular to the before - 
mentioned plane. . 
11. The force of rotation is ; proportional to the 

weight of the body, multiplied by the perpendicu- 
lar diſtance between the two vertical lines paſſing 
through the centres of gravity of the whole ſolid 
and the Part immerſed. 


Ee RF py” 


7 
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PR If «4B be the water: line of «floating! body 
: whoſe figure is uniform with reſpect to the axis of 
motion, V the volume of the part immerſed, 1 8 
the part imn erfed in conſequence of the inclina- 
tion of the ſolid from its ſtate of equilibrium 
through an evaneſcent angle whoſe ſine is , radius 
| being i, G the centre of gravity of the folid, 2 
the centre of gravity of the part immerſed, then 
will GZ, the perpendicular diſtance between tbe 
two vertical lines paſſing through the centres of ra · 5 
vity of the pork ee and the whole . 
24 P-.. 


; 3: : 
1 Fig. 35 Let ABHD be the part immerſed % a ſparing 
body whoſe centre of gravity is © 2 the centre of gravity of 
the part immerſed; let the body b be inclined round & through | 
the evaneſcent angle SGK ſo as to aſſume che poſitions 
INM R; take GBO, and from Z let fall che 8 
eular ET on OG: the vertical line paſſing. through G > the 
part PN which is immerſed in conſequence of the incli- 
nation = LYW the part elevated above the ſurface, and the 
vertical angles at XY are equal, therefore the interſection of 
h the lines- IN and 4B, that is, Xx will biſect the line AB, 
and the points P, B, N will coincide ; Tet 4 and a be the cen- 
tres of gravity of theſe parts, from which let fall the per- 
| pendiculars ab,dc on AB. Since the part Lu. which was 
before immerſed, is now elevated, and X. PN equa to it is 
gs __ former area has been ſubducted 
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—— to the other, and its centre of gravity 
has been moved horizontally through the ſpace bc, therefore 
the centre of gravity of the whole ſolid will be moved in 
the ſame direction; ſuppoſe it had been moved to Q, 
through 2 draw the vertical line S meeting BT in T, 


then as V: P * (be n 5 4B: (e 11. L. 11.) 


* 
N 2 


e Alſo 1 2% % % BR ao. 


whence RT or GZ = BT — ER = F ABxS; — go 


We are to obſerve, that the centre of gravity E is al- 
ways, of courſe, moved in the direction ET, hen the 
body is depreſſed on that fide, becauſe there is an increaſe 
of the depreſſed part on that fide, and a deduction on the 
other; on the quantity of this tranſlation depend the three 
ſpecies « of equilibrium. If the quantity of the tranſlation of 
E be ſo great as to paſs the line GO, as repreſented in the 
figure, that -is, if ER he leſs than ET, the equilibrium 
will be that of ſtability; if 85 tranſlation be ſuch, as 


that ER e ſhall be equal to BY, or GOXs = => an gde 


Fw of rotation will 155 e . . equilibrium 
will be that of indiffexence; and if the tranſlation. be ſo 
Jittle, as that ET ſhall be leſs than ER. or that 25 4BX 
7 =, cox. ſhall be a negate wont the n 
will -he- yn: of inftobliry, nk os te bring, wee 
ee * eraneſcent nt K68 e net., 7 
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1 3. Allo Xe n, ol the ſolid, ten is 3 


72% „„ 
portion 40 „Gz, will be as e en 3 


7 * 
4 154 x 
. 


8 For the evaneſoent ue P _ NAP = a 


N , whi > being ddt, we dere c — 


12 


n — 


GOXe : WO 
' 14. If the folid be of an n form, the 


b — —— 2 — oe ee . 
wi R 13 Fe — * 2 


c 4 Kability will by as the fuen of all the © 


Xs, AB repreſenting the water line OY every verti- 
cal. ſection of the folid, Fee to dhe axis 
of motion, 1 | 


8 If. the fating bady 1 he an I es hin 
ps parallelepiped, whoſe altitude is perpendicular | 

to the ſurface of the fluid, the ſtability of this ſolid 

1 will be Proportional to the difference between the 
fixth part of the ſquare of the breadth of the baſe, 
and the produẽt of the ſquare of the altitude: into 
the difference between the number expreſſing the : 
ſpecific gravity « of the ſolid and its 8 8 that of 
the fluid being unity. 


Let a be che altitude of the ſolid, 5 the W of f the 
baſe,” and n the ſpecific gravity of the ſolid, 455 the cube 
of the water line 53, the height of the part immerſed — = 
7 na, and therefore 7 the part immerſed = nab; GO the dit. 

5 tance 
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tance between the Fentres nat Sein of the whole body and 


the 4 oe immerſed = 2 = 40 a — = I na = i ' therefore the 2 


. — na 32 —_—— 
ana . * 
12 nab. en Sha 6. : 


Thus fon anomaly, Groot the height to th a to the 
baſe, or a =, and it be required, to aſcertain the ſpecific 
| gravity of the ſolid, when i it will float i in the inſenſble equi= 


e egen 45 * n— 14, therefore . — 1 


— 0d e wee — chat is, the ſpecific gravy of 


the folid may be either .78868, or . 21132. 

5 276. is «hs the floating body be a cylinder, hoſe 
axis is vertical, the ſtability of the cylinder will be 
as the quotient of the ſquare of the radius of 'the 
: cylinder, divided by. four times the height of the 
g Part immerſed, diminiſhed by the diſtance between ; 
the centres of gravity « of thy, whole ſolid and the 
Put: immerſed, ; | | 

Fig. 36. Let RPST 5 the fetion of the cylindes made 


by the fluid, AB the * line of a ſection perpendicular _ 
” to o the : axis of motion, A r, and oF = ==; then 4B 


2 2 * e, and AB3 - = : 8rIeN hat FIDE * 
_ et 1 72 — IA; 2 X 2. Now N * ES 


= ra * * of che circle whoſe radius i is 7 when x increaſes 
a4 „ ors 


from 0 tor r; ; nd nA Xa * 2 red — TP | &C. 
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| : _ Log 2 PET ot c t change 1 a 
and Ry quantity S 2— 

14 By 2 4 . : 3 29 N Jer 

_ 0 0 a > 

_ g8ee Anal. per FORTIS: Ke. Which, when - x increaſes ow 

Ui o to r, becomes 14 X; 4 e Is Wee. 4X; Hof * 

—_ _ . acide 1 diameter is 1, (vide Anal. per Equatibnes,. Page 


74 =#X Tr of à circle whoſe: —_—_ 4 therefore the 


* 


A | 8 whole quantity generated 555 e 113 


e 


44 


1 | of! A Gede whoſe radius! is r, that i is, = . * 2 85 "of tar n 
4] and the fam of ell the 438 in ons ſemi-circle 872 
| | of the circle RPST, and the ſum of all the 4B3 in 


bock femi-circles = 4-4 A ares of the irele R PSA; the vo- 
ö jume of the part: immerſed is equal ta its depth (4) * the cir. 
| b. RPST, therefor Ex 


4 4 rt 


457 | | 137 X circle 17 7 ; 


ele ? a7 et = $2 


8 : 4 xs, ang LICK 43 8 ee FF... rr 0 N. 


A 11 70 to 1 as the 1 8 gravity of £ bond wo that of 


= | the fluid, chen the depth of the part immerſed wil k be In, 
=_ and the whole height 0 the Or n REY LJ therefore 


=_ | 60 11 us 
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Under be half that of the fluid, and its height half the 0 
diameter of the baſe, the cylinder will float in a ſtate of in- 
ſenſible equilibrium. See Atwood's excellent . on 
Floating Bodies. 21 F ET 
"54% If, the: centre of gravity. of ag ſolid . be 
an below the metacentre, the ſolid will float 
with ſtability; if the centre of gravity coincide 
with the metacentre, the ſtability vaniſhes, - and 
the ſolid will float indifferently in all poſitions; 
if the centre of gravity be placed above the meta- 
centre, the equilibrium of oy! e will be 
of inſtability. * | ; 
The metacentre is the point PY FE anterſi ion of the 
axis $I, paſſing through & the centre of gravity round which 
the body revolves through an indefinitely, little angle, with | 
F the line of ſupport; now if & be ſituated below 8, as 
' repreſented in the figure, the line of ſupport is moved to- 
wards thoſe parts which are immerſed by the inclination, 
and; therefore the equilibrium is that of ſtability; if 8 co- 
incide with G, the line of ſupport coincides with KO, and 
therefore the body will float indifferently z if 8 fall belo - 
G, that is, if S. Q paſs between E and R, the line of ſup- 
port will be moved towards thoſe parts which are elevated 
by the inclination, and therefore = en of the body 
will be inſtable. 
18. The diſtance of the metacentre from the 


AB* . 
centre of gravity i is = the ſum of all the —; 


127 
For 


1 


/ 


pt 6 ee E. 45 | 


or 86 == ==; but 62 the fur of all the <2 t 
1 7 2 46 = 

. | ian, 
55 19. The meaſure of b Qability is the PIT of 
the weight of the body, the diſtance between the 
centre of gravity and metacentre, and the ſine of 
angle through which the body is inclined. 


For if V be the weight of the on the meaſure of 


7 OE; but GZ S || 


20. The oſcillations of a floating body in finite 
: a are not analogous to the oſcillations of a 
 cycloidal pendulum. r 8 
Becauſe the force of ſtability raries in a proportion very 
different from that of the diſtance from quieſcence, unleſs 
dhe arcs of vibration be of evaneſcent magnitude. 
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1. TIE ſpecific gravity of a lighter ſolid is to 


that of the fluid on which it floats, as the Part 
immerſed to the whole body. 


This method of determining the ratio of the PE 


gravities of the ſolid and fluid is not very exact, becauſe it 
is difficult to determine the magnitude of the part immerſed, 


upon account of the agitation of the ſolid, and the attrac- 


tion or repulſion which may ſubſiſt between it and the 
fluid; and even though the magnitude of the part im- 


merſed were accurately known, yet {till its ratio to the 


: OY could ſeldom be accurately aſcertained. 


The ſpecific gravities of two ſolids both ö 


L als than the fluid, are to each other directly as 7 
the magnitudes of the parts e 1 in- 


verſely. as the whole bodies. 5 6 0 
8 5 3. It 
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335 If body be lighter than the fluid its ſpecific 
gravity may be thus found: take another ſolid 
heavier than the fluid, ſo that both together may 
ſink; balance the heavier in water, and add the 
Þ er to the ſcale to which the heavier is attached, 
the weight which reſtores the equilibrium is the 
weight of the lighter ſolid in air; then connect the 
lighter with the heavier under water, the weight 
which reſtores the equilibrium is the weight of a 


portion. of the fluid of the ſame bulk with the L 


lighter, therefore the ſpecific gravity of the ſolid is 
to that of the fluid, as the former weight to the 
latter. a 
If the ſolid, whoſe ſpecific 3 is 1 8 be diſſolvable 
in water, let ſome other liquid be made uſe of, which will 
not diſſolve it; and the ſpecific gravity of the ſolid will be 
to that of water, in a ratio compounded of the ratios of its 
- ſpecific gravity to that of the e fluid, and of the 
intermediate fluid to water. 
If che body to be examined conkilt of ſmall fragments, 
they may be put into a fmall bucket and weighed, and their 
ſpecific gravity determined as in this article, where a _— 5 
body i 18 connected with an heavier. 
4. The ſpecific gravities of two fads, bath "ag 
vier than a ſolid, are to each other reciprocally as 
| the parts of that ſame folid . immerſed 
in them. 55 . 
85 The hydrometer i is an n inſtrument, 8 con- 
| a fiſts 


% 
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fiſts of an even flender dem graduated, and coforted 
into a hollow ball, ſo as that it may fink in va, 
rious fluids to different depths marked on the ſtem; 
the ſpecific gravities of thoſe fluids will be in- 
; verſely as the parts of the hydrometer, which are 


immerſed in them. 5 
If it be required, that different hydrometers 3 


graduated i in the ſame manner, and by the fame numbers , 
on the ſtem denote the ſame ſpecific gravity, let chere be 5 


two ſtandard fluids fixed on, whoſe ſpecific gravities are wo 


known and conſtant ; ; then ſink the hydrometer 3 in the hea- 
vieſt ſtandard fluid, fo as that it ſhall riſe above the ball, 
- and note the place; then ſink it in the lighter, and . 5 
where it cuts the ſtem; the ratio of the ſpecific gravities 
being given, the ratio of che parts immerſed is alſo given , 
and therefore the ratio of the whole to the ſtandard inter- 
- val intercepted between the two points, where the two ſtan- 
dard fluids cut the ſtem ; which ſtandard interval may then 
be divided in any propoſed manner. Or the graduation 
may be thus performed, more conveniently, with only one 
ſtandard fluid; immerſe the hydrometer in this ' ſtandard 
fluid, as ſuppoſe diſtilled water, and mark the point to 
which the fluid riſes on the ſtem, then add to the ſtem a 
weight which bears the ſame proportion in each to the 
weight of the whole hydrometer, and obſerve the point to | 
85 which the inſtrument deſcends, this will be the other. ex- 55 
tremity of the ſcale, which. i is to be divided into che fame 
-mumber of. parts. If the ſtem have four faces, it may be 
| | Fa i made 
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made equivalent to one of four times the length by three 

different weights which way be SR fixed on the 
| | * of the ſtem. ; 

There is another. SES) 5 comparing the ſpecific anne” 


yities of fluids by a ſeries of glaſs balls, varying by. ſmall 


degrees in ſpecific gravity ; the degree of each | Is firſt ac- ; 


ure determined; theſe balls being thrown into a fluid, 
ſome fink, others float, and one only will remain ſuſ- 
pended, which is of the ſame ſpecific gravity with the 


fluid; but this method i 18 obviouſly inaccurate. There is 
another much more accurate, and ſufficiently . expeditious, 
| which is by filling a giyen veſſel with the different fluids 
ſucceſſively, and finding the weights of the. contents : the - 5 


ratio of -the weights will be that of the ſpecific gravities. : | 


6. If A yeſſel contain two immiſcible fluids, 


as water and mercury, and a ſolid of ſome inter- 


mediate ſpecific gravity be immerſed under the ſur- 
face of the lighter fluid, and float on the heavier; 
the part of the ſolid immerſed in the heavier fluid 
is to the whole ſolid, as the difference between 
the ſpecific gravities of the ſolid and lighter fluid 
10 the difference between the ſpecific re of 
: the two fluids. 5 | 
Let the ſpecific gravity of the heavier fluid be 2, ths part 


of the ſolid immerſed in it 4; the ſpecific gravity of the 
lighter I, the part of the ſolid immerſed in it B; the ſolid 


* - 


RE 9D and its e ey c3 then we have 24 | 


* 
—.— 
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182 4 and aA — A = a; therefore cb; 
55 :: A: B, and eb: a—b:: At A+B. 


1 85 it appears, that the common rule for :fcortaſning | 
the. ſpecific gravities of a fluid and a lighter ſolid, by the 
: ratio of the part immerſed to the whole, is not accurately 
true z becauſe the air is a heavy fluid, and therefore every _ 
ſolid floating on a fluid is in fact a ſolid of intermediate 
ſpecific gravity floating between two immiſcible fluids. 


So that to render the rule accurate, we muſt ſubduct the 


number expreſſing the ſpecific gravity of air from the two 
5 numbers expreſſing the ſpeciſic . of the 92 and : 


the fluid on which it floats. 


LT Tf two fluids of different 990 rai be 
mixed together in any proportion, ſo as to com- 
poſe another fluid of ſome intermediate ſpecific 
| gravity, the magnitude of the heavier fluid will 
. be to the whole, as the difference between the ſpe- 
cific gravities of the reſulting and lighter fluids to 
the difference between the ſpecific 1 of the ä 


two given fluids. ob 


- This ratio is true only on ſuppoſition that the magnitude 2 


of the two fluids when mixed is equal to the ſum of their 


magnitudes. when ſeparate ;. but this is ſeldom the caſe, 
| owing to the chemical action of the two fluids on each 
other. The rule therefore is chiefly of uſe in determining 
the quantity of penetration or rarefaction, by comparing the | 


: computed magnitudes or denſities, with thoſe which are 
diſcorered by obſervation. . 1 
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then will M= Rude 
| 100 


ade of the liq eſtimated. in cubic inches = = 


N M be the magnitude, $ the ee gra- 


| vity, and / the weight in avoirdupois ounces of 


any body, the ſpecific gravity of water being unity, 


= eſtimated i in cubic feet, 


Berri a cubic foot of water weighs zult 1000 ounces 
avoirdupois. But in philoſophical ſabjects, the weights of 


dis being for the moſt part ſmall, are eſtimated in troy 


ounces or grains, the magnitudes being referred to a cubic 


ty inch as A Rancard 3 and fince a cubic Wes of water wo 


253- 18 grains, or N 52746 of an ounce, the mag 


253.18 T 


| when! the weight Wisin en * e when the 


383746 S 


8 weight i is eſtimated i in troy ounces. 


The capacity of an irregular veſſel is RY in the 


: fame manner, by, determining the weight, and 995 the 


ee of the water which fills it. 
9. The weight V of a body eſtimated i in avoir- 


5 dupois ounces = Mx $ X 1000, FRE. grads 
being given in cubic feet. | 


The weight eſtimated in grains = 1M X 850 25 3 18, the 


5 magnitude M being given in cubic inches; 3 and if eſtimated 
g an 5 ounces, Fn : NY: ee 
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LECTURE E 


* 


1 EE is a oe fluid. 

2. If a glaſs tube more than thirty one inches 
in length, one extremity of which is cloſed, be 
filled with mercury, and the other extremity be 
immerſed in a veſſel of the ſame fluid; the mer- 
cury in. the tube will . deſcend. from the upper ex- 
tremity, and will remain ſuſpended at ſome alti- 
tude, between 28 and 31 inches ne the 9 5 


1 the ee mercury. TG, 95 
Teh | This 2 5 


. .. ˙“¹ ; Lv 


This inſtrument is called a barometer; becauſe the 
Height of a column of mercury, whoſe baſe is the ori- 
fice of the tube, and altitude equal to that of the mercury 
in the tube above the external ſurface, is equal to the 
weight of a column of air extending to the top of the 
atmoſphere, and whoſe baſe is the ſame orifice. And 
ſince the weight of this column of quickſilver, cæteris 
paribus, is as its altitude, it follows, that the weight of * 
the air is proportional to the altitude of the mercury in 
the barometer. This is the Torricellian experiment. | 
The altitude, at which the mercury is ſuſtained in the 

. barometer above the ſurface of the external mercury is 
gaulled the ſtandard altitude. The preſſure of the atmoſ- 
„ pPhere is equal to about fifteen pounds avoirdupois, at the 
. medium height of the barometer or 291 inches, upon every 
Y | VV ſquare inch: : for a eubic foot of mercury is nearly 
2 13600 ounces; therefore a cubic inch = 8 ounces nearly, 
1 | and 293 X 8 = 238 ounces = 15 pounds nearly. 
5 3. The perpendicular altitude of the mercury 

IP in any number of tubes thus immerſed, wilt be 
i "HE fame, whatever be their bores or poſition. | 
= For the force preſſing the quickſilyer upwards is the 

= weight of a column of air reaching to the top of the at- 
moſphere, whoſe baſe is the orifice of the tube; the force 
fuſtaining the quickſilver is therefore, in different tubes, 
always directiy proportional to the orifice z the force of 
the quickſilver therefore preſſing downwards, being equal 
to the force preſſing it up, is as the orifice; but the force 
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of the quickſilver is alſo as its perpendicular altitude * 
the orifice; therefore the perpendicular altitude X the ori- 
| tice is:: the orifice; that is, the e altitude i in 
5 the tubes is the ſame. 
If the tube be leſs than 28 inches long: the 
Ts will remain contiguous to the e ſur- 
face of the tube. 
Becauſe the preſſure of the air, when leaſt, is b equivalent 
to the weight of a column of mercury, whoſe altitude i is 
| twenty-eight inches. 
5. If a barometer. be placed under the receiver 
of an air pump, as the air 1s exhauſting, the mer- 
cury deſcends, until it 15 nearly on a level with the 
mercury 1n the reſervoir. 8 
6. If a tube more than thirty- one inches long, 
open at both ends, communicate at one extremity 
with the reſervoir of an air-pump, and the other 
be immerſed in a veſſel of quickſilver expoſed to 
the external air, as the air is exhauſting, the mer- 
cury aſcends in the tube, until it nearly attains the 
ſtandard altitude. "3 
5 A tube thus applied is called a gage. From the two pre- 
ceding experiments it follows, that the ſuſpenſion of the 
mercury in the barometer is neither cauſed by the fuga 
vacui of the Peripateties, nor the mercurial funicle of Li- 
n but ſolely by the weight of the atmoſphere. | | 
7. If a barometer whoſe lower extremity is im- 
merſed i in a baſon of mercury, be ſuſpended from 


'G 's. | the 
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the arm 1 of a | balance, the weight neceſſary to be 
put into the oppoſite ſcale, in order to preſerve the 
equilibrium, will be equal to the weight of the 
tube, and of as much mercury as ſtands in the tube 
above the level of that in the baſon. 

i might at firſt be ſuppoſed, that the weight requiſite 
to balance the barometer would be equal only to the weight 
of the tube, ſince the mercury is ſuſtained by the preſſure 
of the atmoſphere. But it is to be conſidered, that the 
weight which balances the barometer is not actually the 
counterpoiſe of the mercury within the tube but of an 


4 equivalent column of air which preſſes upon the crown of 


the tube; for the weight of this column of air is not 
counterbalanced, and fo rendered inefficient by an equal 
preſſure below, as it is when the tube is empty, that eoun- 
| terbalance being now otherwiſe employed in ft UP 
the quickfilver within the tube. | 
8. If a tube hermetically ſealed, as more than 
8 feet long be filled with water, and in- 
verted into a veſſel of the ſame fluid, it will fink 
down and ſubſide at the altitude of thirty - four feet 
above the ſurface of the external water. 8 
This is called the Paſchalian experiment, from its maſ- 
ter the celebrated Paſchal, who contrived it in order to 
refute the opinion of the Peripatetics, who held, that the 
upper part of the barometer deſerted by the mercury was 
abſolutely filled by extremely ſubtile ſpirits ſeparated from 
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the quickſilver in the tube. For if this were ſo, the more 
ſpirituous the fluid, the lower would it ſubſide in the 
tube, whereas wine, which - is manifeſtly more ſpiritu- 
ous than water, was nevertheleſs found to be ſuſtained at 
a greater altitude, 8 


G a 
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LECTURE II. 


1. IE a ſlender horizontal tube be inſerted into a 
larger tube hermetically ſealed, whoſe altitude is 
greater than thirty-one inches, and the vertical 
tube be filled with mercury, any variation of the 
ſtandard altitude will be to the contemporaneous 
variation in the length of the horizontal cylinder, : 
inverſely as the ſquares of the diameters. 

This is called the rectangular barometer. The advan- 
tages ariſing from being able to obſerve very minute varia- 
tions in che height of che mercury have given riſe to a 
great variety of barometers of different conſtructions, all 
however founded on the ſame principle. 

2. If a vertical barometer be bent at the height 


of twenty-eight inches, ſo as that the perpendicu- 
lar OS of the ſealed extremity ſhall be more 
0 Pray than 
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than thirty-one inches above. the level of the mer- 
cury in the reſervoir, the variation of the height 
of the mercury in this barometer will be to the 
contemporaneous variation of the height in the 
perpendicular barometer, as radius to the ſine of 
the angle which the bent wah makes with the hoe 
Nom i 

From the rat of the ſcale in the W baro- 
meter, the attrition of the mercury againſt the ſides of the 
tube, and the ſudden aſcents and deſcents of the quickſilver, 
the continuity of the fluid is apt to be deſtroyed: To 
remedy this defect the diagonal barometer was contrived, 
in which the ſcale of variation might be greater than in 
the upright barometer, though not ſo great as in the rect- 
angular, and therefore the riſe and fall more regular; but 
the want of exactneſs in the termination of the ſurface of 


the mercury, by which its height is denoted, has been found | 


more than ſufficient to counterbalance the advantage of an 
_ enlarged ſcale. The vertical barometer is therefore now 

generally uſed. | | 
3. The cautions to be obſerved 3 in the conſtruc- 
tion of a barometer are 1ſt. That the ſurface of 
the mercury in the reſervoir be always kept at the 
ſame altitude. 24. If it be not, the ciſtern ought 

to be cylindrical, and the ratio of its diameter to 
that of the tube accurately aſcertained, and the 
ſcale divided accordingly . 3%, A Nonius or Ver- 
ES, NIET 


— — 
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nier ſhould be applied to the ſcale of variation 


4. The barometer tube ſhould be truly cylin- 


drical, 5th. The inner ſurface of the tube ſhould 
be perfectly clean. 6th, The mercury ſhould be 


purged from all heterogeneous matter. 7 th, It 
ſhould be carefully freed from all aerial particles; 7 
which 1s __ done "my OO the mercury in 


the tube. 7 - 

4. If a line conſiſt a: 3 pie wack equal to 
p, and it be required to ſubdivide each of theſe 
diviſions. into 1 equal parts, take another line, 
called the nonius, equal to ur parts, each of 
which is equal to p, and divide this nonius into u 
equal parts: now if the nonius be applied to the 
given line, ſo that its extremity ſhall coincide with 


any diviſion of the ſcale, the diſtance between the 


two rl diviſions from nan Toes: e will be 5 wag 


diſtance between the 8 0 next wall be 2 3 the 


+ diſtance between the two next, will be "ry and ſo 


on, until the diſtance between the two laſt diviſions 
becomes = = p. 


Since we nonius and given line, te kengthe a are -E 
and 7: parts, each of Which is equal to p, are divided into 
the ſame number of parts n, each part of the nonius will | 
be to each part of the ſcale Wy. as the magnitude of 

: theſe 
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theſe lines, that is, as 24 1 to 4, or as 14 to 1; that 


* = 


is, 72 part of mo nonius exceeds each part of the ſcale 
by — — part of . one of the diviſions of 11 ſcale. There- 


fore ic the nonius be applied to the given line, 10 0 as that 


its extremity ſhall coincide with any diviſion of the ſcale, 
| the diſtance between the two firſt diviſions from coinci- 
dence will be 5 3 the diſtance between the two next will 


| be Wo and fo on. 


It is 8 that the fame ſubdivifon x may be effeicd 


by making the nonius = mx parts of the ſcale, and di- 
viding it into u parts as before, | | 


— 


"When, the diviſions of the nonius are ce 23 part of k 
| diviſion of the ale, they will 2 be leſs than this divi 


th 
ſion by 5 part; but as larger diviſions are more accu- 


| rate than ſmaller, it ſeems better to _—_ the nonius = 
r parts of the ſcale. | 
The numbers on the nonius and fcale will 0 a con- 
oy. or the ſame order, according as the divifions of the 
IP Ri... 
nonius are +=: part, or I— — "parts of the diviſiong 
enn, © e 
If the index of che nonius cut off a part i is not 
an aliquot 1 0 of one of the diviſions of the limb, it is 


1 5A | . *, enident 


a ? 


nz _ 1 = - ” 8 = = a l - 1 
my * — o" = FIRE g — 
— x . . — . . ren —. . er > wg ren ee 
* 
, 


| 
) | 
* 
_ 
; 
4 
| 
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evident that no two diviſions of the nonius and limb will 
coincide. 'To remedy any ſenſible error ariſing from this, 
a. micrometer is ſometimes applied. | 

5. If mercury be poured into a conical tube, 
the ſmaller end of which is hermetically ſealed, 


| and the tube be then inverted, the mercury will 
be ſuſtained at the ſtandard altitude. | | 


When the preſſure of the atmoſphere i is nents, the 
mercury is forced up into a higher part of the tube, be- 


cauſe the quantity of mercury being given, it will occupy 


a greater length of the tube where it is narrower z the con- 
trary will happen when the preſſure of the air is diminiſh- 
ed. This is called the conical barometer. 

6. The variation in the ſcale of the conical bas 


rometer is to the contemporaneous variation in the 
ſcale of the vertical barometer, as the ſquare of 


the diameter of the lower ſurface of the mercury 


to the difference of the ſquares of the diameters of 


the lower and higher ſurfaces. 


7. The air is an elaſtic fluid. | 
The elaſticity of air differs from the elaſticity of ſolid 


bodies in this, that when the compreſſing force is remov- 


ed, the air occupies a much greater ſpace than it did be- 
fore; whereas ſolid elaſtic bodies n an their bor 


| mer magnitude and figure. 


8. Heat increaſes the ny of * and cold 
diminiſhes it. | N 


Tt 
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It has been found by experiment, that the elaſticity of 
RY air is increaſed one 43 5th part, by each degree of. 
neat exprefſed by Farenheit's thermometer, of which there 
| are 180 between the boiling heat and the freezing of water. 
0 The air is alſo a compreſſible fluid. ; 
Air can undergo the ſtrongeſt compreſſion without Je- 
Gy compoſition ; Hales by compreſſion rendered air almoſt 

twice denſer than Wnt, nevertheleſs it appeared to ſuffer 


no d e 


10. The elaſtic force of the air is equivalent to 
the force which compreſſes it. 1 
” From this property it is, that the ſmall quantity th air 
contained in animal and vegetable bodies i is able to coun- 
| teract the violent preſſure of the atmoſphere, which would 
otherwiſe deſtroy the arrangement of their parts. 

: 11. The ſpaces into which a given quantity 985 
air is compreſſed, are reciprocally as the compreſſ- 
ing forces. 3 . . 

12. The denſity 5 ha air is direaty as the com- 
preſſing force. 15 

We ſhould obſerve, that the rule thus laid down muſt< 
be underſtood with ſome limitation, for experience proves 
it defective after a certain degree of condenſation has been 
effected: thus after air has been compreſſed into a fourth 
part of its volume, the force requiſite to produce a certain 


+ 


degree of farther condenſation is greater than that indica- 
ted by the rule. | 


9% The denſity 1 the air is different at diffe- | 
A ST os ; ” h | rent 
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rent altitudes above the earth's ſurface, the inferior 
ſtrata being more compreſſed. 
14. The particles of air repel each other with 


forces which vary inverſely as the diſtances bannen 


their centres. 
. tube of a ſmall bore be Tet into a 
glaſs ball, and a ſmall quantity of mercury put 
into the tube, the aſcent and deſcent of the mer- 
cury in the tube will e on the denſity of the 
air. 

This inſtrument is called 2 manometer ; it differs fone 


| the barometer in this, that the one meaſures the, weight, 


the other the denſity of the air, which depends not only on 
the weight of the atmoſphere, but alſo on the action of 
heat and cold. : 

It a ſcale be placed on | the fide of the tube; marking the 


; degrees of dilatation ariſing from an increaſe of heat, in the 
mean height of the barometer or 29.7 inches; the mano- 


meter will, in this ſtate, ſhew the degrees of heat in the 
ſame manner as a thermometer. But if the air become 
lighter or heavier, that which is incloſed in the ball, being 
leſs or more compreſſed, will either occupy a proportionally 


greater or leſs ſpace, and the inſtrument will ſhew the dif- 


ferences in the denfity of the air ariſing from the _ 


in its ON and heat . 


LECTURE | 
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LECTURE II. 


1. THE altitude of the mercury in a barometer 
elevated above the earth's ſurface is obſerved to be 
leſs than the ſtandard altitude at the earth's ſur- 
face. 

This diminution is the > highs of a column of mereney; 
whoſe weight is equal to that of the intermediate column 


of air between the cy ſurface and the elevated baro- 
meter. 


it a barometer be carried to an altitude of 54 feet, the d 
mercury is obſerved to fink about 25 of an inch. 

2. The height of an homogeneous atmoſphere is 
fo the height of the mercury in the barometer, as 
the ſpecific r of the e to that of the 

air. 5 

Since the ſpecific gravity of air is to Gas of water, as 

14316 to 1000; and water to mercury as 1 to 13.6; and 
LS 
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ſince the ſtandard altitude is thirty lk or 21 feet, the 
height of the homogeneous atmoſphere apoye the ſurface 
of the earth ü is 27600 feet. | 

If the ſpecific gravity of the quickſilver be variable, its 


mean height being ſtill ſuppoſed 2.5 feet, the height of 


the homogeneous atmoſphere will vary in the ſame pro- 
portion. Now the ſpecific gravity of every material. ſub- 
ſtance varies with its temperature; and it is found by 
experiment, that when the mercury in the barometer 
ſtands at its mean height of | thirty inches, the differ- 
ence between the lengths of that column of mercury 
ſucceſhvely heated to the temperature of boiling water, 


and Fools to that of melting ice, 1s 7 of the mean | 


33 
height. But che whole extent of Farenheit 8 ſeale be- 
tween theſe two degrees of temperature is 1809; there- 


fore the change of the height of the mercury in the baro- 


* 


meter, due to one degree of the thermometer, i is always = — 


3 — TY 5 part 0 the whole height. 
53,333 180 95 „ 


In the ſame manner, the expanſion of air is s equal to the, 


bs. OY part of its bulk, for each degree of Farenheit, 


435 on 


3. The 1 by the atmoſphere, which 3 18 uni- 
formly of the ſame denſity with the air at any altie 
tude above the carth's ſurface, is a conſtant quan- 
= TT” e 
For let the ſpecific gravity. of air be to that of mercury 


IT 1 to bl, and, let a be. the We of the mercury ir in the 
. baro- 


555 1 8 f i 
4 ; - rn „ th ? 


3 AEROSTATICS.: * 237 
| barometer at any elevation, and þ the height of the homo- 


| geneous OTE ſought, then i 18 þ = 3 but will be 
7 


always a meaſure of the air 5 A and preſſure and | 


Ser b is aer e as . conſequently”. f is a con- 


ant quantity. 


4. The height of the homogeneous atmoſphere; 
at any given ſtation, is not varied by any difference 
in the weight of the air. | . 

This follows from the laſt article, the effects of has . | 
cold not being conſidered. But if, the preſſure remaining 
the ſame, the elaſticity be varied, the denſity, and conſe- 
quently the height of the homogeneous MC cpm will be 
varied in the ſame proportion. 

- 5. If a right line perpendicular to the ſurface of 
the earth be made the axis of a curve whoſe ordi- 
nates, drawn at right angles to different points of 
the axis, expreſs the denſities of the air in thoſe 
points, this curve will be the logarithmic. 

Hence if any number of diſtances from the ſurface of 
the earth be taken in arithmetical progreſſion; the denſities. 
of the air at thoſe diſtances will be i in geometrical progreſ- - 
fion. 0 | | 
- 6. The bandit of this POVERTY IPA curve is 
| equal to the 8 1 © of Fong e atmoſ⸗ 
phere. C : | WY 
157. T he difference of 2 of any two places 

above 


A* 
* 


So rrenrnore cc — 
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above the ſurface of the earth is = height of the 
homogeneous atmoſphere multiplied by the log. of 
the ratio of the heights of the mercury at thoſe 
ſtations, and applicd to the modulus of the ſyſtem. 
This is true on the following hypotheſes, 1ſt. That the 
force of gravity is the ſame at all altitudes. adly. That the 
ſpecific gravity of the mercury is conſtant. 3dly. That 
the height of the homogeneous atmoſphere is invartable. 

8. If gravity be ſuppoſed to vary in the inverſe 
duplicate ratio of the diſtances from the earth's 


centre, and / be the logarithm of the ratio of 


the heights of the mercury in the barometer at 
two different ſtations, 4 the height of the homo- 


geneous atmoſphere, s the ſemidiameter of the 


earth, and à the difference of the elevations, then 


hl ES: 


wk 5 
Since a, the greateſt height which is acceſſible by man, is 


not four miles, and therefore is evaneſcent with reſpect to 


6, A may be conſidered as equat to 5, and therefore a = 


— as before. 
m 


9. If M. n repreſent the heights of the mercury in 


the lower and higher ſtations, then a=— 27 


43429448 


X 2. 63551 X 1 in feet, = 10592 XL. 


+” 
N - 
. SK 
5 = 
* 


— — 


mn 
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af in fathoms, the air being in its mean 1 
ture of 559, 

10. If M 00 m expreſs the heights of the 12 
ſilver in the lower and higher ſtations, and # be 
the difference between the temperature in thoſe ſta- 


| tions, in degrees of Farenheit, the logarithm. of 


by the barometer are as follows; 


the ratio of the u in the ſame tempera- 
9600 


ture, will be = = Logo. „ Log. Ta according 
: 1 


as the temperature in the upper BE 18 leſs or 


greater than that in the lower ſtation. 

1 arenheit' s thermometer ſtand at 5 5 
the length of the atmoſpherical ſubtangent requires 
no e but there is an error in exceſs or 


defect of — L part of the height, for ney _ Z 


435 
of Farenheit above or below 550, 


12. The formula in Art. 9. is rendered more 
FEAR for uſe, by making 4 = = 10000 * L. 


. and ſuppoſing the tenen of the air to 4 


be 318. 


For as 10592 : 10592 — 10000 :: 18: 122 3 — 


the number of degrees of difference in temperature cor- 


reſponding to the given change in the altitude; but 559 — 


| 249 = 319. See Hutton's Math. Dict. Art. Barometer. 


13. The precepts for the meaſuring of altitudes 


| I ſt, Obſerve 
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x |, Obſerve the heights of the barometer at the 
bottom of the height to be meaſured ; together 
with the temperature of the mercury, ' by a ther- 
mometer attached to the barometer ;- and alſo the 


temperature of the air in the ſhade, by another 


ver; ae 18 detached from the barome- 
ter. 

Adly. Let the: ſame thing be done at the: um; 
mit of the ſaid height. = 703 
= 3%. Let the altitudes o the mercury be cor- 
rected, by reducing it to the ſame temperature; ; 
VIZ. by augmenting the height of the mercury in 


the colder temperature, Or diminiſhing that in the 
warmer by its 9600th. part, for every degree of dif- 


ference between the two; and the altitudes of mer- 


cury ſo corrected are what are denoted by M and 


m, in the above formula, Art. > © HY 3 

Ahr. Take out the common logarithms of the 
two corrected heights of the mercury, and ſub - 
track the leſs from the greater, then cut off 8 
the right hand ſide of the refulting logarithm, ſo 


many places for the decimals as the number of 


places of the logarithms exceeds. four; ſo ſhall 
| thoſe on the left be fathoms in whole numbers, by 


ably, ah the ati 1 wand FI he 


8 difference of the e of the air thus : - take 


: 4 x 
SS 543 2 & 1 as +. A rey 4 > #1» 2 + » + 


** 
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half the ſum of the two 8 of the air, 
ſbewn by the detached thermometers, for the mean 
temperature; and for every degree which this dif- 
fers from the ſtandard temperature of 31 take ſo 
many times the 43 30. part of the fathoms above 
found; and add it, if the mean temperature be 
more than 295; but ſubtract it, if the mean tem- 
perature be leſs; ſo ſhall the ſum or difference be 
the true altitude in fathoms; or being multiplied 
by ſix, it will give the altitude in Engliſh feet. See 
Phil. Trans. for the year 1974, and Hutton's 
Math. Dick. Art. Barometer. Fo 
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LECTURE Iv. 


1. Tf the capacity of the barrel of an air-pump 
: the capacity of the receiver, as : r; after every 
ſtroke of the pump, the quantity of air extracted 
: the quantity before the ſtroke, as 5: b+r. 

Hence the quantities of air extracted at any number of 
fucceſſire ſtrokes of the pump, form a geometrical feries. 


2. The quantity of air remaining after every ' 


firoke of the pump: e before the ſtroke, as 
LE b+r. | | 
Henee the quantities which remain „form a 83 | 
geometrical ſeries; conſequently the whole 3 quan- 
tity of air can never be extracted. e . 
3. After every ſtroke of the pump, the . | 
of che air is diminiſhed | in the ratio of b+r to r 
and 


VP 
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and hence after 3 avis < ſtrokes, it is dimi- 


niſhed in the ratio of FF : A. 
4. The defects of the mercury in the barometer 


gage from the ſtandard. altitude, after any number 


of ſucceſſive ſtrokes, form a geometrical ſeries, | 


. whoſe terms are in the ratio of þ+r : r. 

z. The altitudes of the mercury in the gage, at 
the ſame time, form a geometrical ſeries, the t ratio 
of whoſe terms is r: J.. 

6. When the air is rarefied 2 times, the number 
of Rrokes = — — 
„ log. b+r—log. r < 
7. Alfter every deſcent of the piſton i in the con- 
denſer, one barrel of air, in its natural fate, i is for- 
ced into the receiver, | 


8, If the capacity of the 1 receiver: the „ | 


of the barrel, as : b, then after s deſcents of the 
piſton, the denſity | is eee, in why ratio of 7 
: rt bs. | 


increaſed 1 in arithmet ical progreſſion, 


10. If the gage be an horizontal tube, don at : 
one end, the ſpaces which the air occupies' after 


any number of ſucceſſive deſcents of the pens 
will decreaſe in muſical progreſſion. 


11. If the gage be an open vertical tube, « com- 
municatng with the external air, the altitude of 5 
5 112 na | the 


9. After any nuttber & Jefrents, the duty is 
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the mercury in the gage after any number of ſtrokes 


of the pump, wil increaſe 1 in  arithmetical progreſs 


ſion. . 


12. The ſpecific gravity of air may be acourate- 


9 5 aſcertained by means of the air- pump. 


To the neck of a glaſs bottle, made in eee of F a Blo- 
rence flaſk, adapt a cap and valye opening outwards, ſcrew 


it on the pump, and exhauſt it to a known degree; then 


from the weight of the bottle before and after exhauſtion, 
you have the weight of the exhauſted air; and from the 


ratio of the height of che quickfilyer i in the gage to the ſtan- 

. dard altitude, you know the proportion which the exhauſted 
part bears to the whole air originally in the veſſel, whoſe 
| weight is therefore known. Subtract chis weight from the 


weight of the veſſel when Full of air, there remains the weight 


of the veſſel itſelf; fill it with water and weigh it, and 
from this weight ſubduct the weight of the veſſel; the re- 
mainder is the weight of a bulk of water of the ſame c 


magnitude with the air which fills the veſſel, and: —_ 
weight was alſo previouſly aſcertained. | | 


By a mean of ſeveral experiments it appears,” that 15 


| ſpeoific gravity of air is to that of water, as 1.232 to 1000, 


when the barometer ſtands at chirty inches, andi in the n 
temperature ve 5 Fo of Farenheit” 5 thermometer. 2, 


0 
i 


8 E;2 
% 


, * + 2 | 
A 4 — 2 ” 
1 * 
- 0 — * 
. | gh 5 
: 1 
: 2 p 335 8 / 4 . 
3 - * * 4 2 * 3 by wy 4 3 2 8 Je 9 5 4 # . . "IC 7 & * >: . * 
: Ws a > 2 3 R 45 N - 
> A * & ; K 4 2 65 il N # f 9 1 
W 4 z 5 * &s . ry 4 1 


. HYDRAULICS. 245 


| HYDRAULICS. 


A 
\ 
77 - 7 . 8 N 5 P . 4 v * 
w "OT" * x # * " * * 1 * 
„ 3 ; * » 2 5 ä | 
: CUBE 
4 2 .* 
1 3 - f 1 4 5 z ; 
/ 4 . > 
* 
i 
+ 
* * 


1. HyDRAULICS is that part of Natural Philo- 


ſophy which treats 55 the motion o coherent 
fluids. Et I Ou 5 
RY There are four 1 80 of 495 motion of ſuch 


"ah. the gravity or preſſure of the fluid, the 


weight of the air, the elaſtic force of the ire ang 
the elaſtic force of ſteam. _ 
3. The velocity of water in any pipe, 3 con- 
Ne full, is inverſely as the different ſections of 
the Pipe, Parades to the axis, 
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945 If water be poured into a S rent tube, 
which is turned up at the ends, the water will al- 
ways riſe to the ſame level in the upright parts. 

This is called the water level. 

5. The difference between the true and pa- 
parent level of any two places is equal to the ſquare 
of the horizontal diſtance between the 7 di- 
vided by the diameter of the earth. 
Ihe true level is about an inch below the apparent in 

19 30 feet; the general allowance in water courſes is 47 
inches in 2 mile; in narrow 7 tubes however 5 . fall will 
be requiſite in a mile, | 

6. If water flowing through a ſmall orifice in 

the bottom of a veſſel be kept conſtantly at the 
fame height in the veſſel, by being ſupplied as faſt 
above as it runs out below, the velocity of the ef- 
fluent water will be equal to that which a 24 
body would acquire in falling dawn che height of 
the fluid above the ofifice, 1 | 

| Let 5 he the height of the wes inthe ret” a the area 
of the indeſinitely little orifice, t the thickneſs of the loweſt | 
| plate of water; the force which impels the loweft plate, 

is the weight of a columm of water equal to bz; and ſince 
| the arca of the loweſt plate of water is indefinirely leſs han 

the baſe of the veſſel, and the water is ſuppoſed ta conti. 
nde at the Came height, the quantity of matter moved, 
dying the diſcharge of the plate, is az therefore the acces | 


E HYDRAULICS, way” 


lerating force = Tone 2 ; and the ſpace, through which the ; 


vw + 


matter Fe 18 3 is V therefore the 9 = 


* 45 =; Mea 4 g, equal to the velocity. which a heavy 
body would acquire in falling through the height b. | 
15 The velocity of the effluent water is propor- 
* to the ſquare root of the altitude of the Was 
ter above the orifice. „ 
8. The force with which the effluent water i im- 
pinges againſt any quieſcent body, is proportional 
to the altitude of the fluid above the orifice. 
For the force is as velocity & quantity of matter; but 
the quantity diſcharged in a given time is as the velocity; | 


therefore the force is as the ſquare of the N chat i is, 5 


as the height of the fluid. | | 
9. When a veſſel is left gradually to har 
itſelf by an orifice in the bottom, the velocity of 
the efflux will be uniformly retarded, according to 
the law of a heavy body n e e 
* upwards. / 4 | | 
10, 'The quantities wk water in a a priſmatical or 
- cylindrical veſſel diſcharging itſelf through an aper- 
ture in the bottom, decreaſe in equal times, as the 
ſeries of odd numbers I, 3 3, mw 08 TURE in an 
inverted order. | „ 5 
11. The quantity of water lea in a cylin- | 
Grit veſſel is half that which would be difcharged 


x b . 
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1 the time TY the entire e gradual ain of. the 


veſſel, if the water be kept ne at the ſame alti- 
tude. N 5 5 
12. The time in which 4 veſſel would evacuate 


itſelf through an aperture in the bottom, is equal 
to the time in which a body would fall eee the 


| height of the fluid X 


baſe 
orifice © . 
This theory i is true ouly on the hypotheſis, 1 the water 


FREE 


| flows out, without reſiſtance, in a cylindrical or priſmatie 


form, correſponding to the aperture through which it flows; 
but in fact, all the particles preſſing towards the orifice, 
they iſſue through it in a converging direction, that is, in 
a conical not cylindrical form by which means the quantity 
diſcharged is diminiſhed; and this diminution is found to 


be nearly in the ſubduplicate ratio of 2 to 1. 


13. The times in which two eylindrie or 1 
Fe veſlels will. ſeverally empty themſelves, are to 
each other in a ratio eompounded of the direct 


ſimple ratio of their baſes, and ſubduplicate of the 
altitudes, and the inverſe ratio of the apertures. 


14. If on the altitude of the fluid as a diameter 
we deſcribe a ſemicircle, the horizontal ſpace de» 


ſcribed by the fluid ſpouting from any point in the | 
| MEN will be as the ee drawn. en : that 
der, ee ee 


r i the water ke horizontally through Ts 
| Fes. 
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pipe, the diſtance to which it ſpouts is leſs than if 
it iſſued through an adjutage inſerted in the hole, 
: Becauſe the friction in the latter cafe is leſs. 

16. On the contrary if the pipe be inſerted per- 
pendicularly into the bottom of a veſſel, the water 
will diſcharge itſelf ſooner through the pipe, than 
through, a ſimple orifice, and till e as the 
pipe is longer. 

This is cauſed by the preſſure of the atmoſphere, for in 
vacuo the time of the efflux i is not varied by the W 
of the pipe. 

17. The quantity 4 water diſcharged W * 
a perpendicular pipe in form of a truncated cone, 
the narrower part being fixed in the orifice, is 
greater than through a cylindrical pipe of the ſame 
length, its diameter OR 9 1 to that 5 the ori- 
fice. ; 

Becayſe the inſertion of the: 1 ſhe the velocity 
ee IO therefore alſo. the reſiſtance of the 
air: therefore the diameter of the vein has a tendency ta 
enlarge itſelf, which the widening cone admits. But the 
__— pipe, not _— of this RR 1 dia- 
0 If the ky Suing Prints abs, 1 Ig in A 
veſſel be directed upwards, it will be projected 
auen bi the wait of TI water above the 8 | 
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a. I HE velocity with Which water ſpouts into a 
vacuum, from an orifice in a veſſel, by the preffure 
of the atmoſphere alone, is equal to the velocity, 
which a heavy body would 2 in . n 
the height of thirty four feet. | Lo 

Poor the moving force in this caſe 1 the e of the 

. atmoſphere, which is equivalent to à column of water of 
bf. thirty four feet,” and therefore the velocity will be the ſame 

| as if an aperture were made in the bottom of a veſſel 

. | "thirty four feet high, and filled wich watery that is, will 

1855 equal to the velocity which: a heavy body would e 
in falling through thirty four feet · NV „ 
me the preſſure of the atmoſphere tis 3 to e | 

141 pounds upon every ſquare inch, yet on account of the 

Fer 971 8 8 and other . the efficient 

pPreſſure 
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preſſure, forcing the water into a vacuum, is not above ſe 
ven or eight pounds on every ſquare inch. 15 | 
2 If the legs of a bent tube filled ail water 
be immerſed in two veſſels. of water of unequal al- 
titudes, the preſſure of the air will drive the water 
from the higher to the lower veſſel, till it ſtands i in - 


both at the ſame level. 
This is the common ſiphon. The force generating the 
flux is the difference of the weights of equal columns of 
air and water, whoſe baſe is the ſection of the pipe, and al- 
titude the difference of the Dn of the water in the 


a 


veſſels. : 

3. Intermitting ſprings, or ſuch : as flow and op 
alternately, are natural ſiphons. 

4. Reciprocating ſprings, whoſe waters flow 
and ebb by alternate reciprocations, are accounted 
for by their connection with intermitting ſprings. 

5. The velocity of ſpouting water generated by 
the action of condenſed air, is in the ſubduplicate 
ratio of the eee, or of the elaſtic force of 
the air. | | | | 
Ge Steam bathe an elaſtic fluid, a elaſticity 
is proportional to its denſity when the heat is the 
ſame, or proportional to the heat when the den- 
ſity is the ſame, may be applied in the ſame man- 
ner as air to the moving of water. : 

The ſteam raiſed with the ordinary heat of 1 0 wa- 

a ter, 
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ter, is almoſt 3006 times rarer chan water, or about 34 
times rarer than air, and its elaſticity is nearly equal to 
that of common atmoſpheric air; and it has been found, 


that, by great heat, OO OT ons Be 
times ſtronger. 
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ALECTY ME. 


| 1. IF a ſtream of water impinge on the floats of 


an underſhot wheel, and eſcape from it, the very 
inſtant after it has made its impact, the quantity 
of water which actually! impinges againſt the wheel, 


will be to the whole quantity which paſſes by it, 


in a given time, as the difference between the ve- 
locities of the water and the wheel to the abſolute 


velocity of the water. 

Fig. 37. Let ST be the Ream of water, and the float 
25 firſt receive the impact from the water at F, and leave 
it at L; alſo let WF be to FL, as the abſolute velocity 
of the water to the velocity of the float. When F ar- 
rives at L, WV will be at F, and taking WV == FL, all 
the water in the ſpace V will paſs by the wheel, without 
_ impinging againſt it; for it cannot impinge on the float F, 
becauſe that float emerges from the. water at £; neither 
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can it impinge on the ſubſequent float, becauſe it has al- 
ready paſſed it. Therefore the whole quantity of water 


which paſſes by the wheel in a given time, is to that which 


actually impinges againſt it, as WF to VF. 


Hence we may correCt the miſtake of Mr. Waring, in 


his New Doctrine of Mills, who lays it down as a funda- 
mental principle, that while the ſtream is invariable, what- 


ever be the velocity of the wheel, the ſame number of 


particles or quantity of the fluid muſt ſtrike it ſome where 


or other in a given time. See the 3d. vol. of the Tranſ. of 


the American enen page 144. or Hutton s Math. Dict. 

article Mill. 

2. The force of the 3 water is as the 
ſquare. of the difference between the velocities of 
the wheel and water. 1 8 
ä 3. It uw be a weight. faſtened to a line which 


is wound round the horizontal axis of an under- 


ſhot water wheel, 4 the weight of a column of 
water equal to the force of the impact of the water 
on the wheel, when the wheel is quieſcent, U the 
velocity with which the water impinges on the float 
boards, y the velocity of the circumference of the 
wheel, 4 the radius of the wheel, and Fl the ra- 
dius of the axle, then will the velocity of the 


wheel y = v—v. X es = 


The difference of the e 95 . water 0 * 
= wheel = — y = the abſolute: e with which the 
| water 


— 


— 
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water ſtrikes the wheel; and ſince the force of the ſtroke 
is as the ſquare of the velocity „ we have va: = +54 
= — the force 15 the water to turn the wheel, when its 


„ 
| ee is 223. and 3 = * © * 995 4 Now the accele- 


> © % 


to turn the wheel, is equal to the force of the weight 


which oppoſes it, that i is, when Z * @ = u * 5, or 1 


vb 


; therefore, for F ſubſtituting its « value the acce- 
nee of the wheel will craſs WRet nom p 5 * 7 25 
See Atwood s Rect. Motion, page 27 5. Weare to ob- 


| hows however, that this concluſion i is true only on the hy- 


potheſis, that the water e from the wheel, as faſt as 
it impinges. „ 2 
A. It hs ; nah wW vary, its . ll be the 
greateſt poſſible, when the wheel has acquired its 
e 
ol : 
Let the weight eu be x, and knee the uniform veld- 


uniform velocity, if the weight be = 


ur kth. 


city of the wheel = = 0 0 : 90 15 
of * =p Bi XAT; «of 4 2 2 3 and 1 moment of * = 55 


the uniform velocity 


I 
4 


. 2 \ | | Ke 
have x 2 = = >, and x = 2 8 
nes 4 96 


5. When 


- 
ä — f — —-—-—¾½ʒ — 


— — 


_— 


. 
* EF rr . 
— —— — 5 
* q . — 
. etna a 
> To, ts wed TN 2 
2 7 - E 


ww p 4 "yo 1 2 f 
J F bo e 4 r o - 6 hoc + * - ——- 
— ů ——— * corny ⏑ hepa 22 „„ „ 8 r 9 a 0d TS LE GE 
0 . . San — n . OE LARS. 2; rr r Me. n 2 —— 


b 


3 1 — : 
. 7 2 ng —ü— — — ä — 8 — — os. 
— P = \ 


44%U e ĩ˙ » ——— — 
I —— — 
4 S— fa. aw 


” 7 1 2 5 — 
* aL n 
— — 
Wi —— 
CO i Ponitebommnis c 


"ag 


OT EIR ____ 


4 Ae. 


SEC . 


_—_— -x 


—_ LO 


„ 


r 


— — 


2 — 


2 


= 


Fat 


* 
— 


n * . 


256. | UYDRAULICS., 1 


8. When the moment of the aſcending: weight 


attached to the axle is a maximum, that weight 


vin be -— of the weight, which would, if fuſpend- 


ed from the axle; balance the force of the ſtream. 
For if © be ſuch a weight, fuſpended from the axle, as 
would balance the ſtream minen circumference, then 


| D = 64. but the moment of & 18 a maximum when « * = 


wy 6 , 
3 
5 


6. The velocity of the circumference of the 


wheel will be - 8 of the abſolute velocity of the 


Pay . the moment l in the h | 


en uniformly, is the greateſt . 


For the uniform velogity of the wheel = —_ v FOB 2 555 5 


5 . . TE a 
but when [ay moment of 2 18 2 maximum, TW e 8 


9³ 


therefore oe velocity of the wheel, When the moment of 
the weight 1s the greateſt pallible, f ARE nd 4 — 


＋ v. 


7. If ꝛ0 be a weight to be e raiſed by the action of 
a 3 of wafer, whoſe force againſt the wheel | is A, 


2 
| the radius of the i hon will pe "WT . when the 


| uniform | 
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uniform velocity of the aſcending weight, attach- 
ed to the axle, is a maximum. 
For let the ſought radius of the wheel be &, this of the 


axle being b; then will the uniform velocity of the aſcend- : 


ing weight = = 355 — „ of which if the fluxion 


| 1 made = — ©, we ban have » * = = 2. | 


* 


6 The greateſt moment generated in the a- 


ſcending . will be expreſſed 4 the quantity 


4 40: 
27 
For ſince the uniform velocity of the aſcending night: is 


4 Aa 


3 57 and 28 e moved ww = mt © hs » the moment gene- 


; rated i in the aſcending weight will be _ | i 


9. 11 the EN Sos 9 the ſtream be given, the 
effect will be as the quantity of water expended. 


For the at is as 55 Av, that is, ſince 27 is conſtant, 
in a ratio compounded of the force of impact and of the 


velocity of the ſtream; but the force of the impact is as 


the quantity of water expended x velocity; therefore the 
effect is as the quantity of water expended X the ſquare 


of the velocity; and therefore, if the velocity be given, the 


effect will be as the quantity of water expended. 


10. The expence of water being the ſame, the 


effect wil be as the ſquare of the velocity. 
„ 7 11. The 
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11. The expence of water being the ſame, the 
effect will be as the height of the head of water. 

For the velocity is as the ſquare root of that height, and 
therefore that height is as the ſquare of the velocity. | 

12. The aperture being the ſame, the effect will | 
be as the cube of the velocity of the water. 

For the effect is as the expence of water x velocity 23 
but the expence of water, if the 1 be Ren is as 
the velocity. e 

13. If all the water ah paſſes by an under« 
ſhot wheel be ſuppoſed to impinge againſt it, the 
force of the ſtream will be in the ſimple direct e- 
portion of the relative velocity. _ 

| Becauſe the number of particles which ſtrike « ala 
in a given time is given, whatever be the ny of the 
wheel. | 

14. On the ſane es y, the velocity of 
the wheel, will be equal to v X = 
See Art. 3. 5 
15. On the ſame Mpocbes is, if the weight x 20 


vary, its moment, when a maximum, will be = 
Aa. | | 

7 | ge 
Let the might be; * fince > uniform n elect of Ss 


wheel i is v 2 =» the uniform velocity of the aſvending 


5 weiche 
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16. On the ſame hypotheſis, the velocity of 


the wheel will be equal to half the velocity of the 


ſtream, when the effect 1 is a maximum. 


2 For the velocity of the wheel = v — = but when the 


effect is a maximum, 4 10 = _ therefore the en of 


26 * 
the ua = „ 
17. On the fame hypotheſis, the . mo- 
ment generated in the albanien weight will be = 
L Av. | 


For the uniform ve of the aſcending welght „ 


I 


; and the weight wore W == therefore the moment 


= + Au, 


18. In practice, the velocity of the wheel, when 


the machine is in its ſtate of greateſt perfection, 
will be between one third and one half of the velo- 


city of the ſtream. 
Becauſe the water does not all eſcape the inftant after it 


has made its impact, but is confined by the channel for 
ſome time; ſo that the ſucceeding water Which would 
1 13 otherwiſe 


— . . ˙  ——— —  ———_—  — 
5 — — Ls — 


7 . * — 4 - 
— er eugene eee oy — — - — 
yer — - — — _> — — 
S r = .. ²˙ Ee 
. 1 Tf = — * . pt * 9 
9 — - . 4, „ 3 


3 - @- < 


—— — — 2A 


— FJ: 


e222 oa 


„ — Tod 


2660 e .. 


otherwiſe paſs by the wheel inefficaciouſly, drives the con- 


fined water againſt, the floats; and therefore acts in the 


fame manner, as if it actually impinged againſt the wheel. 


It has been found by experience, that when the moſt work 
is done in a given time, the velocity of the wheel lies 
much nearer to one half of the velocity of the ſtream than 
to one third. See Smeaton's Enquiry, Page 77; 
19. In an overſhot wheel, the machine will be 
in its greateſt perfection, when the diameter of the 
wheel is two thirds of the height of the water 
above the loweſt point of the wheel. | 
Fig. 38. If the wheel SRV revolve with a velocity 
which a body would acquire in falling through the altitude 
x — NS, the W of the water above the wheel, the 


water will fall into the buckets without any impulſe, and 
produce its effect by its weight only. Let 4 = M, the 


height of the water above the loweſt point of the wheel 
the force of every portion of water E, in the buckets, to 


turn the wheel, will be equal to its weight multiplied into 
its perpendicular diſtancs from the axis of motion = E 


EF; and the ſum of all the forces, in all the buckets, in 


| the ſemicircle SR V : will be equal to the ſum of all the 
| EXEF = the ſemicircle SRV X GL, G being the centre 


of gravity 0 of the ſemicircle, = = = the quantity of water SRV 


X GL K- . at the extremity of the e LR. But GL 


— * 


* 


there fore the foros of all the water to turn the 


=o" 


| wheel, 
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'LR 
wheel, = = the quantity of water SRY * aQting a at 


SR 


* = 5 quantity. of water 8& OR at R. 1 LR = 
r; then the whole force of the water =r * S = rX 


| 4A — x. Now the velocity of the wheel is — 2V gx; . there- 
fore theforceof the water to produce the circular motionof the 


wheel is =r Xx A—xX2 Vex. If this be made a max- 
imum, we ſhall have K = 4 4. Hence the height of the 
head of water above the wheel ſhould be. equal to one 


third of the whole height; and the diameter of the wheel 
equal to two thirds of the altitude, in order that the ma- 


chine may produce the greateſt effect. 

20. The velocity of an overſhot wheel, when 
the water produces its effect by its weight only, 
and the machine i is in its ſtate of greateſt perfec- 
tion, is to the velocity of an underſhot wheel as 


| VJ to 1, on hypotheſis that all the water eſcapes 
from the underſhot wheel, the moment after it 


E 


makes its impact. 
For A being the height of the water, the velocity of the 


overſhot wheel will be = , and the velocity 


of the underſhot = I 4/4 T N 2; therefore the 
the former is to the 1 as / + FEY : 73: 8 


21. The efficacy of an e wheel is to that 


of an underſhot wheel, the height of the water, 


aperture, and diameter being given, as 26 to 10 
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If A be che height of the column of water, whoſe weight 
18 equal to the force of impact on the underſhot wheel, 
when quieſcent, ſince the velocity of the wheel is equal to 
1 of che velocity of the ſtream we ſhall have this proportion, 
as 32: 3=1 2 :: A: the weight which is equivalent to the 
force of the ſtream, when the machine is in its greateſt per- 
| fection; therefore if be the velocity acquired in falling 
down the altitude 4, the moment of the wheel will be 
$4XLFV= 4. AV, when in its greateſt perfection. 

5 oo * . the weight of the water acting at the 
circumference, is equivalent to 2 A; and the velocity when 
the machine is in its greateſt perfection is = * 
* ＋ * „ ; therefore the moment of the overſhot wheel — 


24 X Ti V; and 2 is to that of the under- 
3 „„„„„%ͤG rod:1. 
Mr. Ferguſon a tha when there is but a ſmall 


quantity of water, and a fall great enough for the wheel to 
lie under it, the overſhot wheel is the beſt : but when there 


is a large body of water, and but little fall the underſhot 
wheel is to be preferred. 5 

22. There is no limit in theory to the weight 
which a n ſtream of water can raiſe 5 means of 
a water wheel. | | 

Becauſe either the radius of the wheel may | be increaſed, 
or that of the axle diminiſhed without limit. 
23. If there were no friction or other impedi- 
ment, machines moved by the impact of water 


would 
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would not acquire their uniform velocity | in 18 | 


finite time whatever. 
Fig. 31. For the abſolute force of the water · on the wheel 


| = AX — 3 =; from which is ta 


be ſubducted the conſtant retarding force of the weight 
. ſuſpended from the axle, which let us ſuppoſe = d; then 


the abſolute accelerating force, upon the whole, is A — d 


+ 4 X — Let the conſtant part of the force 


Ad be repreſented by the given line AC; and let the 


variable part 4 X LY be equal to AK; conſequently 


the abſolute accelerating force, upon the whole, is equal to 
KC; alſo let AP 2 v - , be the relative velocity of the 
wheel; then XL, the moment of AK, will be directly as 


27 Ny, that is, as 2 PX AP, that is, as KC X AP, 


becauſe PA, the moment of the relative velocity, is directly 
as KC, the abſolute accelerating force; therefore KN X 
KL is as KL x KG XA, that is, as AP, becauſe KL x KC 
is conſtant. Therefore the indefinitely little hyperbolic area 
KNOL.is as AP; and the hyperbolic area ABOL is compoſed 
of the particles E£NOL always proportional to the ſpace 


deſcribed with that velocity, the particle of time, in which 


KL is generated, being given. Conſequently, when KG 
the abſolute accelerating force vaniſhes, that is, when the 
motion becomes uniform, the ſpace deſcribed, ABSHCA, 
and therefore the time, will be infinite. | | 
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3 n is raiſed in pumps by the preſſure 
of the air upon the external water. 

The common ſucking pump is formed with two fuckers, 
each having a valve which opens upwards; the lower ſucker 
is fixed, the upper moveable; and the water is diſcharged | 
through an orifice above the moveable plug or piſton. 

The forcing pump has two ſuckers, the upper of which 
is moveable, and is a ſolid'plug without a valve; the lower 
is fixed, with a valve opening upwards; and the water is 
diſcharged through an orifice j uſt above the lower ſucker. 
2. Water cannot be'raiſed' by a ſingle ſucking 
pump to a greater height than thirty-two Jeet ; 
but if a ciſtern be placed there to receive the water, 
and another pump work in it, the water may be 
raiſed to the height of thirty-two feet more, di- 
miniſhed by the height of the column of water 
| - which 
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which balances a column of air of f thirty-two ms 
and fo on. 


3. The effect of the forcing pump is not limited 15 


to the raiſing of water to any particular altitude. 


Becauſe the * eee N be increaſed to boy. 


degree. 


4. If g be the We ant 7 the leſt altitude of 
the piſton, of a ſucking pump, above the ſurface of 
the water in the reſervoir, and 4 the height of a co- 


. 
lumn of water equivalent to the weight of the at- 


| N ; the aſcent of the water by one ſtroke | 


7 e 
wil be = = ATE, e 4. 


The 103 1 che ſtroke is the difference between 9 


greateſt and leaſt altitude of the piſton. 


If y be the aſeent of the water by the firſt ſtroke, ſub- 
ſtitute /—y. inſtead of I, and you will have the aſcent it by | 


- we ſecond ſtroke; and ſo on. 


5. No pump can raiſe water, unleſs the length of 
the ſtroke be greater than the ſquare of the wo | 


height of the piſton in feet, divided by 1287 


Lets be the higheſt aſcent of the water, then g—s : — 


3 e; whence x*—gx = EC 1 and 2144 


1 : 
'F + Fe ** which is an  impoſible quantity when = 


| Fe i bee tun £3; 6 that is x cannot be le chan 


1 leaſt altitude of the piſton. PSS 
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6. If this . the ſtroke in a uniform pump, 
which is requiſite to render the machine effectual, 


be greater than can be conveniently made, it may 
be diminiſhed, by contracting the diameter of the 


ſucking. pipe in the ſubduplicate ratio of the 98 
nution of the length of the ſtroke. _ | - 

7. The velocity of the water: flowing from che 
40 pipe into the barrel, ſhould be equal to 


the velocity with which the piſton: moves. 


Otherwiſe, if it be greater, leſs work will be done than 
the pump is competent to effect; or if it be leſs, a va- 
cuum will be produced below the piſton, which will there- 
fore be moved upwatds with great difficulty. | | 


If 25 be the . of the water in = 19 5 pipe, d che 


7 X „ 


a» thee of begun v, hen . will be 


the velocity of the x water in che barrel, ang X <= = * 


when the machine is perfect. 
If 5 be che weight of a column of water whoſe weight 


| is equivalent to the preſſure of the atmoſphere, 6 the height 


of the water in the ſucking pipe, x any other height to 


| which it aſcends in following. the piſton, g = 16 feet; 


then will the moving force = = = b—x the 3 8 . of mat- 


A 


ax 
* 7 
therefor vv = 2g * — — #3 7 and v, \ the e velocity of the 


water, 5 


5. the 4 IrDA 1410567 


watery, ne to > N 1 85 7. Hy 3 
x b, v o therefore. the fluent eonredted vin he 5 


| 2 Ex. gr fuppole. 4 = 3% 


— 


n 


15 — We * T=: nk od 45 hs Rroks ol the piſton, 
equal to two feet; then v = x04 feet. Belidar-and Deſa- 


guliers calculate the velocity i in a very different manner; 


and their concluſion i is as different. 


8. If an horizontal tube having two valves open- 


ing horizontally outwards in contrary directions, 
perpendicularly to the axis of the tube, commu- 


— 


nicate with another tube which is vertical, and 


has a valve at the bottom, opening upwards ; : and 


the whole machine being filled with water and placed 


in a ciſtern, it be turned {ſwiftly round on a pivot 


at the bottom ; the water will continue to be diſ- 
charged in an uninterrupted ſtream. . . 

This is the centrifugal pump. It is evident that the ve- 
| locity of the ſtream can never exceed the velocity which a 


heavy body would acquire in falling down the difference 


1 between chirty-one feet, and the height of the vertical tube; 
nor can this pump raiſe water higher than the common 
£ ſucking pump. 8 


9. The diſcharge X water in e pumps is 


rendered continual by the elaſtic force of conden- 


ſocd ae ; FVV 
_ Since, the fame, quantity af water 18 diſcharged in RY i 
8 M m2 ſame 
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ſame time, whether an air veſſel be uſed or not, and the 


flux 1 1s conſtant in the former caſe, and interrnpted half 


the time. i in the latter, the velocity of the ſtream will be 


1 


* 's. 


but half that in the former caſe; and therefore. the ma- 


chine will ſuffer a leſs ſtrain; 
ſeream alſo the water can be directed with 


tainty to any particular place. 
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1 — there gs: a (ing pipe with” a Falde open 
„ is upwards at the top, communicating with A 
cloſe veſſel. of water, not more than thirty two 
5 feet above the level of the reſervoir ; and the ſteam | 
of boiling water be thrown on. the ſurface of the 
water in the veſſel, it will force it to a height as 
much greater than thirty two feet, as the elaſtic 
force of ſteam is greater than that of air; and if 
the ſteam be condenſed by the injection of cold 
water, and a vacuum thus formed, the veſſel will 
be filled from the reſervoir by the prefſure of the 
: atmoſphere ; and the ſteam being admitted as be- 
fore, this water wil be alſo forced 1 ; and ſo on 
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i ſucceſſively. : 
This was the e of the firſt ſteam engl invented. 
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by the Marquiſs of Worceſter, a and afterwards carried into 
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2 2 If the ſteam be admitted into the bottom of 
a hollow cylinder, to which a ſolid piſton is adap- 
ted, the piſton will be forced upwards by the dif- 

ference between the elaſtic forces of ſteam and 

common air; and the ſteam being then condenſed, 


5 the piſton will deſcend by the preſſure of the at- : 


moſphere, and ſo on ſucceſſively. 
This is the principle of the ſteam engine firſt ive 
by Meſſeurs Neweomen and Cowley of Dartmouth, This 


engine is commonly a forcing pump, having its rod fixed 


to one end of a lever, which is worked by the weight of 
the 1 upon a piſton at the other end, a temporary 


vacuum being made below it by ſuddenly condenſing the 


ſteam, that had been admitted into the cylinder, in which 


| this piſton works, by A. jet of cold water thrown into it. | 


A partial vacuum being thus made, the weight of the at- 
moſphere preſſes down the piſton, and raiſes the other end 
of dhe ſtraight lever, together with the water from the well. 
Then immediately a hole is -uncovered in the bottom of the 
cylinder, by which a freſh quantity of hot ſteam ruſhes in 
from a boiler of water below it, which proving s counter- 
balance for the atmoſphere above the piſton, the weight of 
the pump rods, at the other end of the lever, carries that 

end down, and raiſes the piſton of the ſteam cylinder. 
The ſteam hole 1 is then immediately ſhut, and a cock opened 


for injecting the cold water into the cylinder of ſteam, | 


which condenſes it to water again, and thus making a va- 


N cuum er the piſton, the > atmoſphere 99 preſſes it 
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# 


\ 
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down, and eiſes the dae rods as belle: and ſo on con- 


tinuallf. | 1 
3 If c be the e of che cylinder of a 1 
ſteam engine, in inches, then will 64 be the mea- 5 : 


ſure of the power of the machine, in pounds. 
The piſton does not deſcend with a force exceeding eight Z 
or nine pounds. upon every ſquare inch; but upon account 5 5 5 | 
of friction and alterations in the denſity of the air, Doctor % 
Hutton thinks it ſafeſt, in calculating the power of the 
cylinder, to allow only 7lb. 10 oz. for 2 8 11 inch, 
or 6lb; for every circular inch. 8 | 
4. If y be the diameter of the pump, and 7 the 
depth of the pit in fathoms, then will 3602 paf. 
For the ſection of the pump in circular inches p x 
$7854, and p & 7854 X 72 = the number of cubic 
inches in one fathom or ſix feet of the pump; 1 but there are 


282 cubie inches in a gallon, therefore ee 5 


. x; — -- — — BEE NEE 
— ny eg — — — 
Ys + = 6 7 I : rs - 
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— 
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— —— 


— — 


— 5 TY is | the 5 5 1 eee. in one fathom of the 


— — 


pump; 5 now a gallon weighs 104 Ib, therefore 7 5 92 N 104 
Ib. x f = the weight of the wates in the pump, computed _ 
in pounds, which mult be equal to 6c, the power of the 
engine; that is, L 5 X 105 xf bci, or 252. Ges, . 
nearly. See Hutton's Math. Dict. | | | . 
5. If e be the diameter of the lance; . 
> the length of the ſtroke, U the diameter of the | 


boiler ought to , eo 2 
0 the e e of Heam: conſumed at wh Rroke 8 = 
Lea, 


K 


FFC . ooo. ooo oo 
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EET — 
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les; and fince the. top of the boiler is hemiſpherical its 


| contents will be = = _ 3 but if the top contain about ten 


times the quantity 4 1 uſed. ak 8 it hs been 


found, that it will require no more fire to preſerve its elaſti- 
city than i is ſufficient to, keep the 'water in a proper Nate 


ol f boiling, therefore 10 . = and b = 27 Ta, 


6. If the eylinger, 5 piſton be eee at 5 
TE mall diſtance with another cylinder, furniſhed 
with a bottom and a lid with a hole for the piſton 
rod to flide i in; and the interſtice between the cy- 

linders. communicate with the ſteam- veſſel; and 
two valves be fixed in the bottom of the inner cy- 
linder, one of which admits the ſteam to paſs from 
the interſtice into the inner cylinder below the piſ- 
ton, or ſhuts it out at pleaſure, and the other 
opens or ſhuts a pipe which communicates with a 
veſſel called the condenſer, which is alternately a 
vacuum and filled with ſteam; in ſuch a machine 
the piſton will be forced downwards by the action 


of the ſteam above it, when a vacuum is made 


below it, and upwards by the weight of the pump 
rods and buckets, when the ſteam being admitted 
below the Piſton, counteracts the Prellung of the 
: ſteam above it. | 
This is the principle of Mis. Watt's fream le Ahe 
advantages " this conſtruction are 1 n, that the cylinder | 

< Uk „ „„ being 
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being ſurrounded by the ſteam from the boiler, is kept al- 
ways uniformly as hot as the ſteam itſelf; and therefore 
no ſteam is loſt, as in the other engines, by its contact 
with a cold piſton. 2. The condenſer being kept always 
as cold as water, the ſteam is perfectly condenſed. 3- "Ie 
pump rods and water are raiſed by the preſſure of ſteam, 

which is greater than that of the atmoſphere, | 
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LECTURE. 


„ W IND is a current of air. 


5 / 11 part of Natural Philoſophy which treats of wind 18 
properly called Pneumatics. 


2. The cauſes of wind are 3 as ; exhala- 
tions, the melting of ſnow and: ice, ehricity, 
_ cold, and particularly. heat. 735 
3. If the ſpring of the air be weakened in any 
place more than in the adjoining places, a wind will 
blow through the place where the diminution is. 
4. Winds blow into rarer air, out of a 1778 
filled with denſer. „%%% us 9. 1 
3 11 the air be ſuddenly condenſed in Ln e 
q IF a wind will blow through Ros | 
| Becauſe i its 5 will be fuddenly diminiſhed: this hap- 
pens 
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pens when the air in any place has been very much rarified, 
and then is ſuddenly cooled. 
6. If air be ſuddenly rarified, its ſpring. will " 


| ſuddenly increaſed ; it will therefore flow through 


| the air not acted on by the rarifying force, 


57. The trade winds are cauſed by the diurnal | 


revolution of the earth, ab] the: great heat of the 
torrid zone. 


The trade winds are Sls North Faſt and South Eaſt 


winds, which prevail in the northern and ſouthern hemiſe 
| pheres throughout the year, : : 
8. The general trade wind does not ave 


take place beyond the 28%. or eget. SO . lati- 


. 
9. The ſea and ol „ of the 1 zone 


are cauſed by the greater heat, which the land ac- 
quires, during the day, than the ſea; and this: CON» 


trary during the night, . 
Theſe breezes are gentle periodical . regularly 5 


1 hifting twice every day, and blowing from the ſea towards 
the land during the 427 ; and from the land towards the 
ſiea, in the night. 6 


FFF ae Bay are nexus by the compoſition 
"of the general trade wind with thoſe winds, which 5 
would be produced by the alternate heating and 


cooling of the neighbouring ſeas and continents. 


The monſoons ate thofe periodical winds, which for 


& : months together blow in one direction, and for the 
; N n2 „„ 


* 


5 we influence of the moon. c no B99; e 
12. The velocity of wind in a 1 is about 


5 other fix months of ths: year, in the contrary direction. 


They prevail in in che northern and part pf. the n, 
region of the Indian Ocean. FVV 
11. The variations of the ing) © not ariſe from | 


1 


ſixty miles in an hour; twenty miles in a very 
briſk gale; ten in a N briſk Bas ; and five 
in a gentle pleaſant wind. | 

13. The force of the os upon a Coins: foot: 1 
about eighteen pounds avoirdupois 1 in a ſtorm ; 
two prunds in a very briſk gale ; half a pound i in 


18 a pleaſant briſk gale; z and two ounces in * nee 5 


pleaſant. wind. 5 b PHE 
| 14. The fores of the wind o on the ſail of: a . 


mill is in a ratio compounded of the duplicate ra- 


tios of the fine of incidence and of the velocity of the 

wind, and the ſimple ratio of the area of the ſail. 
15. The fails of a windmill ſhould form an angle 

of 54. 44 with their « common ii ; 


This angle howeyer is only that, which gives the wind | 
the greateſt force to ſet the fail at firſt i in motion: but if the 


| machine be already i in motion, the angle of incidence muſt 


be varied according to the degree of that motion; for when 
the fail has à certain motion it yields to the wind; and 
then that angle muſt be increaſed to give the wind its full 
effect. Maclaurin in his Fluxions, p. 734. and in his View 
of Werten, B. 2. c. 3: has rn how to determine this 
x 1 N a „ e 
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angle. See alſo Saunderſon's Flux. p- 1 5. And fince the 
elocity of the fails at the very axis is nothing, and in- 
creaſes from thence to their extremity, the angle at the 


| very axis ſhould be 54 44, and thence continually | increaſe 


to the extremity, giving the vane a twiſt, and cauſing all 


- 


its ribs to lie in different planes. "hip is ; exemplified in 
the wings of birds. | | 


16. The width of a rectangular wit ſhould 5 


double its length. 5 

This is demonſtrated by M. Parent; whence he s 
that the uſual form, in which the length is generally five 
times the width, is extremely diſadvantageous. 


17. The beſt form of the ſail 1 is an elliptical ſec⸗ 


; tor, whoſe curvilineal ſides converge to the axle- 
tree of the null, 
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ACOUSTICS, 


LECTURE . 


II. Am is the principal medium of ſound. 

| This is univerſally admitted: but ſome hold that it is not 

| ED | the only medium, for that water is a medium alfo ; in con- 

| firmation of which it has been obſerved, that fiſhes appear 

to be furniſhed with an organ of hearing. 8 

„ Sound is cauſed by the vibration of elaſtic 

| N 3 . | 
| Philoſophers are agreed 1 in an becauſe founding bodies 

17 | communicate t tremors to diſtant bodies. | 


3. 1k 5 


\ 
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th It tended elaſtic fibre be 1 from its recti- 


| lines] poſition by any inflecting force perpendicular 
to the axis, the accelerating force of any particle of 


the ſtring will be ee, as its * from oa | 


axis of reſt. ; 
Fig. 1. Let AB be an elaſtic n fixed at che point 4 
and tended by the weight P paſſing over a pulley at B; and 
let it be drawn into the poſition ALB by an inflecting force 
acting at I in the direction IN biſecting the angle A5; 
take IE, IE ſeverally equal to half the length of the ſtring 


AB, which is not ſuppoſed to be increaſed by the inflec- 


tion, and complete the parallelogram EIER; the conſtant 
and equal tending forces of the ſtring in the directions 
. TE, E, being repreſented by theſe ſides TE, IE, they 
| compoſed a force = IR — the inflecti ing force in the di- 
rection IR; through I draw IH parallel to the axis AB, 


and from R let fall the perpendicular RG on IH; the in- 


8 llecting force in the direction IR is to the infleQing force 


in the direction RG, perpendicular to the axis, as RIto 
RG; therefore the inflecking force perpendicular to the. 
| axis, is to the tending force in the direction IB, as RG to 


Ga 


IF, that is, very nearly as 2 GK to IE, becauſe the angle | 


IAD, which is indefinitely little by the hypotheſis, is 
greater than IEF; and TEF or IEE is greater than FDB 


or ADE; therefore IAD is greater than ADE; there- 


fore DE very nearly coincides with D4; and CK: GR-54- 
IC: "TR ; 1: 23 therefore the infleQing force, in a direc- 


= tion perpendicular. to the axis, is. very nearly directly as 
GK or IV, the perpendicular diſtance of the point 7 from 


the 


200 , - _ - aeoverimes”. | th 6 


ches a axis of reſt; 3 but the cating force at Lis equal: to 
the 0 force... This is alſo; a (co by e 
ment. 10 ar) 


4. All. the bete of A eint ſtring 1 
9 0 thee vibrations in the ſame time, «coorditg to the 


aw of a cycloidat penduluin; -- 4 0 7 
5. All the vibrations of a an elaſtic Ree] are os | 
Sin in equal times. OT 952d 09215 „ 3 | 


6. The aeg force of any pile "of-& 
muſical ring is = the product of the tending 


force * length, divided by che weight of the 
| ſtring X the radius of the ring J curvature i in the 
1 particle. | 5 = 
Fig. 2. In a muſical firing 4IB, let . IK Ek Wh 
two elements of the curve; and let IM, LM be erected 
perpendicular to theſe elements; >. they. will meet in M the 
centre of curvature; complete the parallelogram IKLN, 
| che tending, force of the weight P: motive force of the 
=_ point K:; IK; KN; but the fibre i is exery where equally 
| | ſtretched by the weight P, therefore. the tenſions IK, KL 
are equal, and the triangle KIN i is iſoſceles ; 3 then, becauſe of | 
| the right angles KIM and. KLM, LKI + M = two right 
angles = LKI + KIN, . KIN = AA, and the triangles 
LN 'A KIN are ſimilar; and 1K: KN: II IL: : tend- | 


i, | 2 X EE, 
IP . ing force P: as force of the clement L 2 IM. , 


ler chis foree . = 4; allo let the pr of the fting = — W, | 


its length = 1 the weight of the element F770 FR, FH E; 


E- 4 : y 
£12 = Ss 


4 


g 
l 
y 
| 
[ 
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let this 4 ght = B, then the accelerating f uw of the 


. 
element . = 5 FxT Fanart 


7. * a ee ſtring the . axe a 
as the radii of curvature at the extremities of the 
ordinates of the curve, which 85 2 me in 
vibrating. 

For ſince P, L, and 1. are given, the avcelerating 3 is 
inverſely as IM the radius of curvature; but the accelerat- Z 
ing force is alſo directly as the ordinate IV, or the CY 
of the point from the axis of reſt. | 
8. If there be deſcribed two concentrical 0 
the radius of the interior being indefinitely leſs than 
that of the exterior; and, the ſemidiameter of the 
interior being conſidered as an abſeiſſa, if an ordi- 
nate move from its extremity to the centre ſo, 
that this ordinate ſhall be always equal to the arch 
of the exterior circle, ſimilar to that of the inte- 
rior which the ordinate meets, the extremity of 
the ordinate will deſcribe the harmonie curve. 

Fig. 3. For let C be the common centre of the tyo 
eireles, and the ordinate HI always equal to the arch EG, 
fimilar to the arch DF; draw VN indefinitely near to XI; 


from I, F, and O let fall perpendiculars on the axis AB 
of the curve; h the radii CH, COZ ; ; join 2 Zy; 
and from I and N erect the perpendicular IA, NM, which 
i meet in M the centre of curvature of the element IN; 
ws v with he as 2 radius deſcribe the arch Lr. Then 

0 9 | Os 
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CL: CE: : FP: FO (from fim. triangles) and CF: CE 
FO: GZ; therefore CL: CE :: FP or IT: GZ or TN, 
and therefore the triangles CEL, INT, are ſimilar. Now 


FL: CL. PO: PF, and CL: EL: : Tor V: IN, 


therefore FL : EL : : PO: IN; but O Ly = Ee, 


therefore FL: EL : E IN EL: IM; whence FL or 


775 = ea that i Is, becauſe EC. is conſtant the 


IM 
3 ph 18 3 as II che N 5 curvature; $ and 


* 


therefore the curve is that which a nde firing aſſumes 


in vibrating. 5 1 
9. The rectangle 8 the ho of: Snare 
and the ordinate in any point 1 is to the ſquare of the 


length of the ſtripg. in a duplicate ratio of the 


diameter of a circle to its Naben. 


. 


| of the ak I 0  ſemi-circumferente ; : diameter ; : 


1 2 
FL —— 1+) 
"6: If ww be the weight of a muſical firing, Ea its 


p the periphery; and therefore. CE? 2 — £5 X:: 


length, PP: the tending forge, and "7p the ſpace de- 


ſcribed by a falling body i in 1” f then will 7 the 


time: of vibration of the ring = 


/. — 4 5 
* 2 be the periphery « of a. circle whoſe diameter = — =1, 


PXL. 
= xi = the W force of the particle T of 


the. firing „ at the diſtance WW from the a axis s of reſt then 
F | + ; 4 F > ws; | | T 


= J 
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. V „„ 
M 101 ibration. — 5 x 

e 
| 3 , 3 : Ns 2 ; 3 8 SY + L.% 

(See Art. 7. Lect. 22. 5 ; but IV x 1M = 7 
| WL 

itution T1 2 
fore, by ſubſtitution, T = Hag F. 


31 . In homogeneal ſtrings, ſince their W are 
as the ſquares of their diameters x the lengths, or 
as D: L, the times of the ſingle vibrations of the 


Dx L 
ſtrings will oo ee; b that is, in a ratio com- 


pounded of the direct ſimple ratios of their dia- 
meters and lengths, and the inverſe ſubduplicate 


ratio of their tenſions. 
12, The tone of a founding body Sal on 
the number of vibrations which it performs in a 


given time. | 
For whenever the time of vibration of two „ tags is the 


ſame » the tone is likewiſe the ſame; and whenever the 


time is different, the tone ib ſo ikewite; and that in a cer- 
tain relation to the number of vibrations. - 
13. A ſound is acuter, ſharper, higher than an- 
other, if the ſounding body perform a greater 
number of vibrations in a given time. | 
14. The time of vibration of any ſounding body 


is equal to the time of vibration of an uniſonal 


ſtring. 


Oo2. | 15 4 
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15. A body which. gives the graveſt harmonic | 
ſound, vibrates twelve times and an half in 1 „ | 
and the ſhrilleſt ſounding body vibrates 5¹¹ 100 


times in a ſecond. | 
16. A ſound is muſical, if the vibrations of the 


| ſounding bodies be iſochronous. 


The difference between a muſical ſound : = a noiſe f is, 
that a noife is a compound ef many different and diſcor- 


dant tones confuſed together; whereas a muſical ſound is 


the effect of iſochronal vibrations. 
17. The parts of muſical bodies Aral accord- 
ing to the law of a cycloidal pendulum. _ 

| Becauſe they may be conſidered as cornpofed of elaſtic 
fibres. 

18. 1 bodies propagate their motions 
on all ſides, in directum, by ſucceſſive condenfations | 
and rarefactions, and ſucceſfive goings forward and 
returnings backward of the particles of air. 

| Thoſe parts of the air which vibrate backwards and for- 


wards, and which by going forwards ſtrike againſt obſta- 


cles, are called Pulſes. 


19. The velocity of found 1s 1142 feet 1 in a fe- 
cond. 


This is 6 by experiment. | | 
20. All pulſes move equally faſt. 

This alſo appears from experiment. 

21. The Pn of air arc propagated f from found- 


ing 
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ing bodies AE to the law of a cycloidal pen- 
dulum. | ee 

For the'pitch of 4 ſounding Body does not alter while 
the hearer varies his diſtance from it; therefore the larger 
and {ſmaller vibrations of the particles of air, at ſmaller 
and greater diſtances from the ſounding body are iſochro- | 
nous 3 and conſequently the accelerating forces of the parti- 


cles are every where proportional to the little ſpaces which _ 


they deſcribe, as in a pendulum. 

22. The number of pulſes propagated is the 
ſame with the number of vibrations of the ſound- 
ing body. ; 

23. The latitude of a pulſe is equal to the ſpace 
which the pulſe deſcribes in a given time, divided 
by the number of vibrations performed in the ſame 
time by the ſounding body. | | 

24. The decay of ſound according to the diſ- 
tance, ariſes principally from the want of perfect 
elaſticity in the air. | 

25. The augmentation of ſound in 1 
trumpets depends on its reflection from the tremu- 
tous ſides of the tube. 1s 2 

26. All points of obſtacles which produce an 
echo, muſt lie in the ſurface of an oblong ſpheroid, 
generated by the revolution of an ellipſe, whoſe 
major axis exceeds the interval between the foci, 


by a greater ſpace than 127 feet. | 
It 
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It is not abſolutely neceſſary, that the reflecting points. | 
ſhould lie accurately in the ſurface of this ſpheroid : if 
the ſums of the lines drawn from the hearer and ſound- 
ing body to the reflecting objects do not differ from each 

other by more than 127 feet, the pulſes propagated by re- 
flection from thoſe obſtacles will not be diſtinguiſhable. 

27. If there be different echoing ſpheroids, 
there will be different ſucceſſive er A the 
ſame original ſound. -. .: > cee 
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"LECTURE II. 


hy I. A CONSONANCE is a varied tone, gene- 
rated by the ſimultaneous ſounding of two muſical « - 
bodies, accompanied with a pleaſant ſenſation. 
93. The agreeable ſenſation of conſonances is 
5 not the reſult ſolely of. the ——_ aan n 3 
the pulſes. 
For if a baſe ſtring perform four vibetions while another 
performs ſeven, their tones will be diſcords; and if there 
be another ſtring which performs eight vibrations while the 
baſe performs five, the baſe and this latter ſtring will be 
concords. Now while the baſe performs twenty vibrations 
the firſt treble will perform ' thirty-five, and there will be 
five coincident pulſes; and while the ſame baſe performs 
twenty vibrations, the ſecond treble will perform thirty-two 


| a and there will be but four coincident pa 80 
that 
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'that in the ſame time there will be fewer coincidences in 
the vibrations which are concordant, than in thoſe which 
are diſſonant. : . | 
3. The agreeable ſenſation of 8 de- 
pends on the ſimplicity of their cycles of times. 
Fig. 4. The cycle oſ times of two muſical ſtrings, is 
the ſeries of portions of time between the ſucceſſive pulſes 
of both ſtrings interchangeably ſucceeding one another, in 
beating upon the ear, terminated at both ends by coinci- 
dent pulſes: and this cycle will be more ſimple, the leſs 
the ſum of the vibrations of the two ſtrings, and the leſs 
the equal times between the pulſes of the acuter found 
are interrupted and ſubdivided by the pulſes of the graver. 
For example, let AB and its parts repreſent the time in 
which a ſtring performs two vibrations, and an equal line DE 
ind its three equal parts, the time in which another per- 
forms three vibrations, and let the pulſes be coincident at 
the moments of time A, 'D, and B, E; between the- firſt 
pulſe and the ſecond, that beat on the ear, there elapſes the 
time DF; between the two next impulſes there will elapſe 
the time Fc, then c, and laftly GE; now this feries of 
times, DF, Fc, , GE is the cycle of times. Suppoſe 
again, that MN repreſents the ſame time in uhich another 
ſtring vibrates once, the ſum of the vibrations performed 
in the given time by MN and DE together will be leſs than 
the ſum of the vibrations of AB and DE in the fame time 4 
and therefore the cycle will on that account be ſimpler. 
Further, let P & and its four equal parts repreſent the four 
Vibrations of another ſtring performed in the ſame time; 


the 
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the ſim of the vibrations of P and MN is equal to the 


ſum of the vibrations of 4B and DE in the ſame time; 


but the vibrations of P are not. ſubdivided by thoſe of 


MN, whereas the middle vibration of DE is ſubdivided by 
a pulſe of AB; hence the former cycle of times is ſimpler. 


than, the latter. 


A the times of Dh of the two me 
bodies be as one to two, they generate a tone which 


is called an octave. 


5. The octave is not ſuppoſed to alter the na- 
| ture of any conſonance. 


| Becauſe none of the equal times 1 the pulſes of 
5 the acuter ſound are interrupted or ſubdivided by the pulſes 


of the graver. 
6. The tone of any firing and of its half may 
be conſidered as the limits of all poſſible tones. 
Becauſe we .may reduce within theſe limits the tones of all 
| ini longer than the whole, or ſhorter than the half, by 
taking the double, quadruple, octuple, &c. of theſe ſtrings 
in the latter caſe; and the N . ſuboctu- 


ä ple, &c. in the former. 


J. If unity be ſuppoſed << to the length of any 


1 ſtring, all Poſſible tones may be repreſented by this 


unit and all the fractions which are compriſed. be- 
tween unity and its half. 10 
"It appears therefore that all the 1 tones, which can be con- 


| - cords to that of a given ſtring, are produced by ſtrings 


. whoſe lengths are intermediate between that of the whole 


1 p 1 | OP 


} 
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ſtring and its half; and hence the octave is called the 

| Dogon: 5 

8. If two chords perform their on in the 
fame time, — 5 generate a an  uhvaried 1 tone called 
an uniſon. 8 EY N 
9. If the times of vibration of two chords be as 

one to three, they generate a conſonance which is 
called a fifth or diapente. . 
10. A ſyſtem of ſounds, in which che muſical 
primes are one and two only, is rejected for its too 
great ſimplicity. | 15 | | 
For the octave is ſcarcely diſtinguiſhable from its funda- 
mental; hence therefore other conſonances muſt be intro- 


5 
W . 


duced ; now the ratio of 1 to 3 is next, in order of ſimpli- 
city, after the ratio of x to 2. 


rr. By admitting the number three LA the 
muſical primes, beſides a fifth a perfect fourth is 
likewiſe introduced, which is a conſonance gene- 

| | rated by the ratio of 3 to 4. 

132. If the times of vibration of two chonls be 
" one to five, they generate a perfect conſonance 
called a ſixth. 

13. From the perfect conſonances and their ele- 

| ments ariſe all the es and inconcinnous 

intervals. | | 
Thus the difference between a perfect third and 3 

f A. fourth 4 + 4. = 15, which is the ratio of a hemitone ma- 

= joor; 
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jor; the difference between a perfect fourth and fiſth — 4 + 


= 2, which is the ratio of a major tone; the difference 


8 a perfect fifth and fixth = „ is the 
interval of a minor tone. Alſo, the difference between 5 


2 major and minor tone = 2 +> = 45, 1s the inter- 
val of a comma, or ſchiſm the e between a mi- 
nor tone and a hemitone 2 * 1 = 55, is the inter- 
val of a dieſis or minor hemitone; the ee between 


a hemitone major and a hemitone minor. — L5 — 24 = 


1.24 is the interval of the enharmonic dieſis, or minor 


dieſis, or quarter of a note; and the difference between a 


hemitone major and a comma = 14 ＋ $1 = 25% is the 
interval of a limma. This latter interval was anciently 
called the Pythagorean Hemitone, becauſe the Pythagon 


reans did not uſe the. minor tone; and therefore their fourth, 


being compoſed of two major tones and 2 complete hemi- 
tone, would have been too great by a comma; they were 


therefore obliged to diminiſh the hemitone by this quan- 


WE, If no other primes than 1; 2, $ were ad- 


mitted into the compoſition of conſonances, a ſyſ- 
tem of ſounds thence reſulting could have no per- 
fect thirds, nor any perfect conſonance whoſe vi- 
brations are in any ratio having the number five, 
or any multiple of it, for either of its terms. 


T5. If in a ſyſtem of ſounds which admits. no 
other primes than 1, 2, 3, we aſcend by a perfect 
p ** ih 


% 


** 
_ 


. 
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fifth, 15 deſcend byit a perfect fourth alternately, 
the octave will be divided into 1 major tones s and | 
two limmas. . 8 | 


Fig. 5. Becauſe the difference between theſe fue 
fourths and- fifths are major tones; and the difference be- 


| tween three major tones and a fifth, and between two "_ 


tones and a fourth is a limma. 
16. In ſuch a ſyſtem, the conſonances that would 

be perfect, if the number five were admitted amongſt 5 
the muſical primes, will be produced by powers of 
eight and nine; the terms therefore of the ratios 
being ſo high, theſe conſonances become extremely 
diſagreeable; and nr yes aan air muſt be | 
rejected. ** 1 

| 242 If the number five be admitted, IE gives | 
the ratio next in order of ſimplicity aſter the ratio 


of 1 to 3» the octave will be divided into three 


major tones, two minor tones, and two hemi- 
tones. C 5 f . 4159 1 


Fig. 6. Let E be a 1 third. major, RF: a 3 G A 
fifth, and A a ſixth, to the fundamental C; from E*%o F . 


is an interval of 1 s, Which! 18 called a hemitone, ; and denoted 


| by the letter H; ; Pie F to & is an interval of 8 


55 which i 1 
called a tone major, and denoted by the letter T; from G to 
A is an interval of , Which is called a tone minor, and 
is denoted by the letter t. Now the lengths of the ſtrings 


C, E are to each other in the ſame ratio as the lengths of 


＋ and 4, and therefore they compriſe the interval of a 


tone 
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tone major and tone minor. Alſo, the ſtrings 4, >, are to 
each other in the ſame ratio as E and G, and conſequently 
compriſe the ſame intervals, to wit, a tone major and an 


hemitone 3 and thus the elements of the octave are three 


major tones, two minor tones, and two hemitones. 5 

18. If we aſcend by the perfect interv vals there 
will ariſe the major mode. 
For a perfect third, fourth, fifth 8 ſixth, being . — to 
the fundamental, the interval between the third and fourth 
is an hemitone; and the interval between the fourth and 
fifth is a tone major; and the interval between the fifth 
and fixth is a tone minor; but the interval between the funda- 


mental and the third is equal to the interval between the 


fourth and fixth, that is, equal to a major and a minor 
tone, and therefore is a major third; from which the mode 
is denominated. N 
i If a muſical ſtring and its parts be in pro- 
portion to one another as the numbers 1, £ 
2, 2, 1, 2, their vibrations will exhibit the na- 
tural ſeries of ſounds in the octave. Fig. 3. 

Fig. 6. For, a perfect third, fourth, fifth and ſixth be- 


ing tuned to the fundamental, the order of their elements 
is as natural as that of the concords themſelves; therefore 


in inſerting a tone between the baſe note and | the .third, 
and between the ſixth and the octave, it muſt be done ſo, 


. that the ſame order may be preſerved ;- that is, the interval 


between the baſe note and the next muſt be a tone major, 


and of conſequence, the complement to the third a tone 


: minor; and the interval next the octave muſt be that of an 
hemitone, 


8 
55 79 75 
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hemitone, and of courſe the interval below it a tone major; 
for by this arrangement, che hemitone of the preceding 
octaye will conſtitute the natural order of the elements with 
the next major and minor tones of the ſubſequent octave; 
and any other mode of inſertion will diſturb this natural 
order. Thus we ſee that the arrangement of the elements 
of the octave is the natural and neceſſary conſequence of 


the order of the perfect conſonances. 
20. If we deſcend by the perfect interyals, No 
will ariſe the minor mode. 4 ES: 
Fig. 8. For in this caſe c; A : E 7 1224 „ 

is therefore the length of 4; in like manner c: 6: Fd 


CRE OA 1 2, which is the length of G; alſo, ct 
| Fri Gi Gt: 4: 4, which is the length of F; and : 
5 i the length of 


E; hence the OOH: Cis to the third: : x: 5, which 
therefore is 2 minor third; from which the key i is my 


minated. 


21. The diatonic ſyſtem is that in which the 
melody proceeds by toned my and minor, and 
Lemitones. | 

In this ſyſtem muſicians denote the Vlad ſounds of the 
octave, in the natural order, by the letters C, D, E, F, 
G. A, B, e; and ſometimes * the e Ut, Re, OY 
Fa, Sol, La, Si, ut, 

22, If we aſcend by the fame . ds 
by which we deſcend in the major mode, the ar- 
eh e of 11 e will be equally natural. 
Tig. 
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Fig. 8. The onder: of the perfect intervals, by: taking 


their reciprocals, will now be 2, £, 3, 4 7 115 or their 


equivalents 1, £, 2, 5, £, f; but the firſt interval, from 


1 to £ is a minor third, and is equal to that between 4 3 and 
—5 4 is, it contains a tone major and an b and 
the interval between OY and 2 is equal to the interval be- 
tween 5 5 and 2 „and therefore contains a major tone and 


a minor 1 But 1 in inſerting theſe tones we natural- | 
Ip proceed in ſuch a manner, as that the ſame elements 
| {hall follow each other i in the fame order, in different parts 3 
of the aſcent ; therefore the major and minor tones will 
be outermoſt, ſo that the tone minor of the preceding 
octave will compoſe the natural order with the tone 
major and hemitone of the ſubſequent octave ; this order 
being already aſcertained thus, t, T, H OY the 9 con- 
ſonances. 
2. Theſe two modes are called the major and 

minor mode. 

Becauſe the third above the fundamental in the former i is 
a major third, and in the latter a minor third. 
155 24. There can be no more than two modes. 

Becauſe the perfect concords being given, and conſequently 
their order, there can be no other variety than either aſcend- 
ing or deſcending by them; ſo that if in aſcending in the ma- 
jor mode the complement of the perfect ſixth to an octave 
had been a major third, there e have been no ſuch 
thing as a minor mode. 


25. A ſyſtem of ſounds whoſe elements are tones - 


major, 
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rily contain ſome imperfect concords. 


| perfect ſeventeenth, or a double octave and third Ce; 3, then 
downwards the fifth > ea; 3 the intermediate fifth ad will be 


7 


* 
1 


Fig. 9. For in both modes there is an imperfect minor 


tween a tone major and tone minor. Now if you tune 


upwards from C the two perfect fifths CG, Gd, and the 


too litrle by a comma, as including the imperfect minor 


third of. And by tuning an octave below a, we ſhall have 
the imperfedt fourth Ad, too large by a comma, as con- 
fiſting of two major tones and an hemitone. 


26. No. voice or perfect inſtrument can always 


the pitch. 


This y follows fk the laſt ole Thus, 


if a perſon ſing the notes C, E, . alternately 
= aſcending. and deſcending by perfect intervals, the latter C 


will be lower than the former by an entire comma; for 


tlie ratios of theſe intervals are 4: 3, 5 : 6, 4.3, and 2:33 
which compoſe the ratio of 160 : 2625 0 or 80: 81, which 


18 the ratio of a comma. 9 

In like manner on the violin, if the Bur logs * tuned 
perfect fifths, the firſt firing or treble will ſound the oc- 
tave to the perfect ſixth above the baſe, but it will be too 


acute by a comma; for ſuppoſe the number of vibrations 


of the baſe ſtring, fol, in a given time 10 be twelve, the 


next re will perform eighteen in the ſame time, the ſecond 


BE” la 27, and the treble mi, 4e becauſe 2: 3 is the 


5 


ratio 


major, and minor, and hemitones, will neceſſa- 


x » 


third, which is deficient by -A comma, or the difference be- : 


5 proce tf by perfect intervals without erring from 


- 
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ratio of a dnn fifth; but the perfect fixth above fol 
12. is 20, becauſe the ratio of a ſixth is 3: 5, and 
- At 1 5 I2 : 20, whoſe octave is 40; whereas the 
| treble is 40%, that is, a comma higher than the Ve 
octave of mi, for 40: 49g : 3888 5 
27. No other primes than 1, 2, 3. 5 are ta be 
admitted into muſical ratios. _ | 
Firſt, becauſe the conſonances whoſe vibrations are Exe 


- preſſed by terms involving other primes, as 7, IT, 13, &c. 


would, cæteris paribus, be leſs fimple and hatmonious. Se- 
condly, as perfect fifths and other intervals reſulting from 
the number 3 make the ſchiſm of a comma with the 
perfect thirds and other intervals reſulting from the num- 
ber g, ſo ſuch intervals as reſult from the numbers 7, 11, 

13, Kc. would make other ſchiſms with both thoſe kinds 

8 intervals. See Smith's Harmonics, p. 33- 
28, The diſagreeable effect of the imperfect con- 


cords in the diatonic ſyſtem has obliged muſicians 


to have recourſe to tempered ſyſtems. 


Fig. 9. The diſagreeable effect in every octave of the #9 

da, which is deficient by a comma, and of the 4th, dd, which 
is exceſſive by a comma, has obliged muſicians to diſtribute 
this comma equally amongſt the four 5hs. contained in the 
double gve. and third; or within the compaſs of 17 notes 
from the baſe note : this distribution is called the Participa- 
tion, or Temperament of the ſyſtem, See Smith's Harmo- 
nics. 


29. If the periphery. a PS be Sided ſo a as : 
to repreſent the order and 1 of the ele- 


, ments 


— 


3 


— — RI — — — —— 


, 


-- 
% 
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ments of the octave in the diatonic end who - 
ther in the major or minor mode, and the major 
third which lies between the two hemitones be bi- 
ſected; and the other two major tones be diminiſhed 
at both ends by a quarter of the difference between 
a major and minor tone, the octave will be divided 
into five mean tones, and two limmas, each limma 
exceeding an hemitone by the quarter of a comma, 

Fig. 10. For the major tone CD being diminiſhed by 


half the difference between it and a minor tone, and the 


minor tone DE as much increaſed, they are rendered 
equal. Alſo the minor tone GA, which lies between the 
two major tones, is increaſed at each ' ſide by a quarter of a 
comina, that is, in all by half a comma; and the major tones, 
which lie at each fide of it, are diminiſhed at both ſides by 


a quarter of a comma, that is, in all by half a comma; and 


thus all the tones are reduced to an equality. Hence this 
is called the ſyſtem of mean tones. The limmas alſo ary 
, equal by conſtruction. 1 $f | 
30. Inthe ſyſtem of mean tones, every perfect 
is diminiſhed by a quarter of a comma. a 
For every tempered 5th. = 3 mean tones + 1 limma, = 
3 minor tones + 1 hemitone + 1 + comma; but a diatonic | 


or een 9 — 1 3 HE com- 


mas. ; 


This 3 is uſually called the Vulgar Temperament and 
Mr. Huygens thought it the beſt. 


3 1. In a ſeries of 1 notes, eight tones in the 
* 8 „ : octave : 
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odave are inſufficient, either i in tempered or untem- 


pered melody. 


Fig. 11. In a ſeries of fixed notes, any one of them ' may 


be indifferently made the principal, and all the others refer- 
red to it; and thus a ſcale formed ſimilar to the original 50 


Diatonic, or Tempered ſcale. Now as the order of the in- 


tervals is different according to the note from which we 
begin the order, new notes muſt be inſerted, that the due 


intervals may be preſerved: for example, ſuppoſe G is 


7 


made the baſe note, then the ſeries of notes from G muſt be | 


ſimilar to thoſe. from C; in this caſe, E in the key of G 


will be correſpondent - to A in the key of C; now from 4 


to B is an entire tone; but from E to Fis an hemitone; 
hence therefore between F and G there muſt be inſerted a 
note, expreſſed by the mark F* , whoſe diſtance from E may 


be an entire tone; thus will the interval between F and G 5 


be divided into two, the interval between F and FK 


being the difference between a tohe and a hemitone 3 and of 
courſe, the interval between F and. 12 equal to a hemi- 


tone. The firſt of theſe two intervals i is called a minor 
hemitone : : it is therefore the interval between two. notes of 


the ſame name. In the tempered ſyſtem, this interval i is 


equal to the difference between a mean tone and a limma, 
and is then called a Minor Limma; in the untenpered 


ſyſtem it is equal to the difference between a tone minor and 
a hemitone, its ratio therefore i is 24: 253 for 9: 10:: 24 
25 2 but this latter interval is compoſed or 24 25, 


a minor hemitone 3 and 25 : 262 1 * 15 : 16, major he- 


. mitone. 


- ; - 2 3 4 a 
z : > | 4 f 
4 5 „„ Oe TE 
| 


— —  SIGWNES — "=> aw 5 
— Oar — Ir EI — p - 8 - " 


OE the water as be e raiſed > - 
50. there muſt be a W or  diefis added for Ay 


fuch elevation. 
Becauſe if we nate Solwhich: i is RPE gth- above Ut in he 
Sate ſcale, the key note, the ch. to Ur, which is Fa, muſt 


be ſharpened, as was ſhewn in the laſt article. For the ſame 
reaſon, if we raiſe the ſeale to a 5th. above ſol, the ch. above 


=, muſt be ſharpened; and ſo on, until. we return to C 
fol, ut, to which eight ſharps would, by this rule, be added; 


but to ſharpen every note in the octave makes no alteration 


in their diatonic relation; and therefore ſuch an addition of 
ſharps i is nugatory, that 3 is, the ſeale : remains in its s primitive 
diatonie ſtate. FT ne eee 
ws is farther evident; that if we would 1 oer the Teale | 
*% one, two, or three fifths, &c. we muſt take away one, 
two, or three ſharps, & c. but to take away a ſharp Is equi- 
valent to adding a flat; therefore if the key note be a fifth 


below C fol, ut major, one flat or bEmol muſt be added, 
and ſo on; whence the annexed table is conſtructed, ex- | 
hibiting at one view all the ſharps : and flats of _y key, 


en and minor. ' 


33. The chromatic Hitch is that i in wiel the 
melody proceeds ſucceſſively by minor and major 
hemitones. . 5 
1 major hemitones only are aan in the diatonic ſyſ- 
tem, ſo the minor hemitones characteriſe the chromatic. | 

The major hemitone ariſes naturally i in the diatonic ſyſ- 


"0 tem; the. minor hemitone 18 the introduction of art, not 


) 
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1 


1 nature; for od does not naturally form two notes 


, in ſucceſſion between which this interval ſubſiſts. 


34. A juſt hemitone is impracticable i in muſit. 
For ſuppoſe the ratio of a tone to be 9 : 8, that of the 


EA V, or 3: 2 2, which 


are incommenſurable quantities. As to the hemitone ma- 
jor, it exceeds half a tone; and a hemitone minor falls 
ſhort of it. In like manner a juſt mean tone is impractica- 


ble, for it is half a major third; and therefore its ratio is 


N . or V to 2. 
35 In an untempered chromatie ſyſtem, if the 
voice always proceeds by major and minor hemi- 


tones, making all the intervals accurate, the octave 


will be depreſſed by three commas. 


For we thus ſubſtitute a major and minor lemitode; that 


is, a minor tone, inſtead of each major. tone; but there 


are three major tones in the octave and the difference be- 


tween a major and minor tone is a comma. 


36. Any inſtrument which bas but twelve notes 


5 in the gctave is imperfece. ä 

Pig. 12. For if the diatonic ſcale be raiſed A fifth, "the 
fourth above the preceding key note muſt be ſharpened ; 3 
and if it be depreſſed a fifth, the fourth above the new 
key note muſt be flattened ; for example, let F, which is 
the fifth below C, be made the key note, then will A in 
the new key be correſpondent to E in the original key; but 
from E to F'in the primitive key is but an hemitone, 
whereas from 4 to B is an entire tone; therefore between 
A and 3 there muſt * inſerted 2 tone denoted by B 
5 whoſe | 
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_ whoſe: diſtance from 4; is an 9 and hp 
Its diſtance from B is the difference between an entire 
tone and an hemitone, that is, an interval equal to a dieſis 
or ſharp; but a dieſis, or bemol which is equal to it, is leſs 
than half a tone; therefore the ſame note is not the ſharp 
of the preceding note, and oe flat of the III + one; 
and both are neceſſary. | 

37. In every inſtrument with fixed founds,, eve-. 
ry equal tone ſhould be divided into two minor 
limmas with a dieſis between them; and each pri- 
mary limma into two dieſes, with : an Interval be- 
tween them. 

. Bee Smith's Harmonica Se 8. Art, 1. 
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„ Oerics! is that ook of Natural Philoſophy 
which treats of the element of light, and the va- 


rious phænomena of viſion. „ 
2. It is generally divided into three heres x viz. di- 
optrics, which treats of refraction ; catoptrics, 
which treats of reflection; and chromatics, which 
treats of the various phænomena of colour. 
3. Many of the ancient philoſophers, of whom | 
Pythagoras n to bave been the firſt, rightly 


; | 
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: conſidered. light, as a real emanation of the proper 
ſubſtance of the luminous body. Others, on the 
_ contrary, aſcribed viſion to the iſſuing of the lu- 
minous particles from the eye to the object. 
4. Amongſt the moderns there have been two 
| Heading opinions concerning the nature of light, 
the Carteſian and the Newtonian, The Carteſians 
are of opinion that light confiſts i in the preſſure of 
a fluid, preſent at all times and in all places, but 
which requires to be ſobig motion by another body 
properly qualified for that purpoſe, which is called 
luminous. Newton maintains, that light confiſts 
of a vaſt number of exceedingly ſmall particles, | 
" thrown off in all directions from the luminous body, 
5. Theſe particles are emitted in richt lines oy 
the body from which they proceed. | 
6. Single particles of light, facceeding each 
other in a right line, conftitute a ray of light, con- 
ſidered in a mathematical ſenſe; but, pbyſically 
© ſpeaking, a ray is the leaſt part of light o on which 
alone experiments can be made: 8 
A ſlender portion of 0 has ans from the teſt is 
called a Pencil of rays. | 
' » Pencils of rays are clther conical * litre; the axis 
e the pencil is the ſame with the axis of the cone. or y- 
A Radiant point is the vertex of the cone; and is ſo called 
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in a general Cools whether the rays. e from, or con- 
verge to it. 8 
7. The denſity of light, abſtracting from any 
ebſtruRion it may meet with in its progreſs, de- 
creaſes in the inverſe duplicate ratio of the diſtance 
from the luminous body. | | | 
8. Bodies that ſhine with a native 1 7 are 
brighter than opaque bodies illuminated by them. 
„ luminous body be equally diſtant from an opaque 
* bedy and from the eye, the light received by the pupil di- 
rectly from the lucid body is to chat which it receives from 
- the opaque body, on ſuppoſition that it reflects all the 
light incident upon it, as the hemiſphere” whoſe radius is 
the diſtance of the eye from the opaque, to the real difc 
or great circle of the opaque body. Hence, on the ſame | 
hypotheſis, day-light i is to moon: light nearly as 96000 6. 
„, The apparent diameter of a body i is iwwer 
as its diſtance from the ſpectator's eye. 
| Hence the ſuperficial apparent magnitude of : an object 
is 3 as the ſquare of the diſtance. 
| Whatever grants a paſſage to light, as any 
tranſparent 1 65 alſo > empey e is l a me- | 
dium, bo 
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11. The moſt tranſparent walls medium, even 
air, obſtructs the paſſage of light; and this is the 
cauſe why objects appear leſs bright, the farther 
they are from the ſpectator; ; for if none of the 

rays v were 1 5 1 in their paſſage, the magnitude \ 


Rr 1 


—  — 
— 
— age 


— mV 1 = 
_ — — — — — — — — 
—— P——— — — m — — — —— — 
— ä — — ä — — —— — RN 
2 >. — on — — — — 
* * 
rr a 


5 
i 


306 ann,, 1. 24 


of the picture on the retina,” and the denifit ity of 
light would vary in the ſame ratio ; and therefore 
the denſity of light on the retina, and conſequent- 
ly the luminouſneſs of the Peſt, wore be inva- 
_ riable at all diſtances. 
12. Diſtance is chiefly eſtimated by this gradual 
diminution of light, and by the angle which * 
body ſubtends at the eye. 
13. If the rays of the ſun be tranſmitted through 
a very ſmall circular aperture into a dark chamber, 
and received perpendicularly on a ſcreen, they will 
paint a circular image of the ſun, which image 
will increaſe according to the diſtance of the ſcreen 
from the aperture. : 
14. The diameter of hw ſale image is to its 
diftance from the aperture, as twice the tangent of 
the ſun's apparent ſemi · diameter to radius. 
If the diſtance of the image from the aperture be eigh- 
teen feet, the diameter of the ſolar _ will be about 


two. inches. | 


The image Cn by he ſolar rays PET flow W 


a very ſmall aperture, is termed, for the ſake of diſtine- 


tion, the correct i image, being of a Siven magnitude when 

the diſtance from the aperture 18 given, and alſo better Ge: 

fined than when the aperture 18 larger. F 

Fa 15. If the aperture be of a ſenſible magnitude, 

and of any particular figure, the image will be 

thus determined; on the ſereen Which receives the 
8 ſolar 
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ſolar rays pin deſeribe „ plane figure 
ſimilar and equal to the aperture: let circles equal 


to the correct image of the ſun at the given diſ- 


tance of the ſcreen from the 1 image, be deſcribed 
from centres coincident with the perimeter of this 


figure ; theſe circles will determine cl ny ws 
the image. 1 5 | 


Hence therefore the entire figure will not be ſimilar to 


the aperture, in a geometrical ſenſe, although it will par- 
take of the ſame form, and will approach more nearly to 
that of the aperture, the nearer the ſcreen is brought to 
it: as the ſcreen recedes from the aperture, the image ap- 
proaches to a circular form, with which it ultimately coin- 
cides, if the diſtance be increaſed ad infinitum. . 


16. When the ſolar rays are tranſmitted through 


a circular aperture of a given magnitude, and are 
received perpendicularly on a ſcreen, the 1mage 


will conſiſt of a bright central image, and a penum- 


bral annulus of fainter light ſurrounding it. | 
Let A be the ſemi-diameter of the aperture, and S the 


ſemi· diameter of the correct ſolar image correſponding to 


the diſtance between the aperture and ſcreen; then, 4 
being greater than 8, the ſemi- diameter of the central image 
will be AS; z and if the diſtance from the aperture be 
given, the ſemi-diameter of the bright central image will 
increaſe ad infinitum, while the aperture is indefinitely in- 
creaſed : if the aperture be diminiſhed, the ſemi- diameter 
of the bright central image will decreaſe till 4 becomes 
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equal to 8, in e caſe the e bright central image Vas 
niſhes ; and if it be {till farther diminiſhed. ad infinitum, 
the bright central i image will increaſe, until its ſemi-diame- 
ter becomes ukimately equal to that of the correct i image. 
17. The hypotheſis of the materiality of light, 
or of its conſiſting of extremely ſmall particles 
| emitted from luminous bodies, ſeems to be ſuffi- 
ciently proved by the phenomena of the Bolognian 
ſtone ; by thoſe. experiments which demonſtrate, 
that the colour and inward texture of ſome bodies 
are changed in conſequence of their expoſure: to 
light and by its finite velocity. | 
18. The finite velocity of light was firſt Ae 
vered by Roemer, from obſervations of the eclipſes 
of Jupiter's ſatellites ; and he ſhewed, that light 
takes up about eight minutes in eee the ſemi- | 
diameter of the earth's orbit. 8 
19. The ſucceſſive propagation of light is alſo 
farther eſtabliſhed by the aberration of * fixed 
ftars. 
This aberration is proved to ariſe from the progreſſive | 
motion of light compounded with the annual motion of the 
earth in its orbit; from which compoſition of motion Mr. 
Bradley demonſtrated, that the fixed ſtars would appear fo 
; deſcribe ellipſes, of various magnitudes, according to their 
| -eclination, whoſe centres would lie in the true places of 
the ſtars, And if the velocity of ſtar "Nw be ſuppoſed 
| | equal 
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equal to that of direct ſolar light, the magnitudes of thoſe 
ellipſes will exactly correſpond with phænomena. 

20. The two principal objections to the mate- 
riality of light are, 1. that as rays of light would on 
this hypotheſis, continually paſs in every direc- 
tion from every viſible point, they muſt neceffarily 
interfere with each ether in ſuch a manner as to 
deſtroy the diſtin& perception of objects. 2. By 
the conſtant emiſſion of luminous particles, the fun 
and ſtars muſt haye been greatly diminiſhed fince 
their firſt creation; and the maſs of the earth and 
_ planets ſenſibly encreaſed. | 
21. The firſt objection is ſolved by this 9 
ation, that the action of light produces on the eye 
an effect that is not inſtantaneous, and therefore it 
may excite a conſtant ſenſation, notwithſtanding 
an interval of many miles exiſts between the im- 
mediately conſecutive particles; and conſequently 
abundant room may be afforded for other rays to 
paſs undiſturbed in all directions: the ſecond objec- 
rion is ſolved by the exceſſive minuteneſs of the 
Particles of light. | 
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LECTURE 8, 


ries is that part of optics which 
treats of the reflection of light, and the various | 
phenomena depending on it. 

Reflexibility is the diſpoſition of the rays to be turned 
back into the medium from whence they came; and the 
change of motion, which 1. wee ga LM in x this ww is 
called Reflection. 5 4; 

The angles which the incldent 24 relected rays contain 
with the- perpendicular to the reflecting furface at the point 
of incidence are, called the angles of Incidence and Reflec- 
tion. Any ſmooth furface reflecting light is called a a ſpecu- 
lum, and is either plane, convex, or concave. f 

A line drawn through the centres of the ſphere and of the 
leſſer circle which terminates a pherical ſpeculum is called 


the Axis. | 
2. The 
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2. The incident and reflected rays are in the 
ſame plane; and the angles of incidence and reflec- 
tion are equal. 


3. Any error in the Kt or poſition of a pe 
culum produces a double error in the effect. 


Parallel rays falling on a teflecting plane are 
ho parallel. SV. * 

Parallel rays are ſuch. as proceed equally diſtant from 
each other through all their courſe. Rays proceeding from 
any point, and as they proceed, receding farther aſunder, are 
called Diverging, and ſuch as tend towards a certain point 
at which they would at laſt unite, if not phe: are 
called Converging rays. | 

5. If rays diverging from a radiant point. fall on 
a plane ſpeculum, the focus of the reflected rays 
will be in the perpendicular let fall from the radiant 
point on the reflecting ſurface, and as far behind it 
as the radiant 15 betore it. 

'The focus is that point from which rays diverge, « or to- 
Vwards which they converge. The point from which rays 
ſeem to diverge, when in reality they diverge from another, 
is called a Virtual focus. The focus before reflection is 
called the focus of incident rays; and the focus after re- 
flection is called the focus of reflected rays; and both toge- 
ther are called conj ugate foci, which of conſequence are 
two ſuch points, | that either of them being the radiant 
point or focus of ineident rays, the other will be the focus 
1 reflected "—_ C 

1125 5 „ 6. If 
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6. If a e object be 3 to a plane ſpe | 
culum, the image formed by reflection will be 


| likewiſe parallel to it, but tranſpoſed ; of the ſame 


ſize with the object; and at the ſame diſtance be- 


hind the ſpeculum, that the object is before it. 


7::1&;a perſon view himſelf in a plane ſpecu- 
lum placed upright, he will ſee his image complete 
in a part of the ſpeculum, whoſe length and breadth 
is equal to half the length and breadth of the core | 
i NTT parts of his own body. 

8. If a radiant object be at right angles with a 
Plans ſpeculum, which is parallel to the horizon, | 
the image will be perpendicular to the horizon, but 


_ inverted. 


5. -If& plane ſpeculum be 10 to the hori- 
20n in an angle of 45 with its face downwards, 
the image of a vertical object will be horizontal; 
and the image of an borizontal object will be yer- | 
tical, 5 5 | 

Ie If two plane ſpeculums be nec to each 


other in any given angle which is an aliquot part 


of 360?, the images of the ſector contained by the 
ſpeculums will be all concentrio; and the number 
of theſe images will be ſuch, as will exactly com- 
plete the circle; and therefore if an ohject be 
placed between the ſpeculums, the number of 
images will be equal to the number of ſectors ne- 
ceſſary 
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ceſſary to complete the circle; and they will appear 
to ſtand round in the circumference of | a circle, 
whoſe centre is the. Point in which the ene 
nen, 

I Fe gr al of ella rays be W on a 
Fonvex ſpherical ſpeculum, they will be reflected 
diverging; and the focus of the reflected rays will 
biſect the radius which is parallel to the incident 

rays, and be virtual. 
The focus of parallel 8 is ; called ines focus 5 
. 5 its diſtance from the ſpcculym is called, the foal 
| length of the ſpeculum, , . 
4442, If the point of incidence of poraliei rays 
| be at a ſenſible diſtance from the vertex of the 5 
ſpeculum, the reflected ray will interſect the axis 
in a point between the principal focus and the Vers 
tex, or middle point of the ſpeculum. | 
The interyal between that point and the principal focus 
| is called the longitudinal aberration; ; and the diameter of 


the leaſt circle into which all the rays can be e collefted, is 
| called the lateral, abertation, 


1 3- If the convex ſpeculum be a paraboloid, 


the rays will be reflected from the focus without 
= any aberration. 


14. When diverging rays's are incident | on a con 
vex ſpeculum, they are reflected from a virtual 
we which is found by dividing the radius of the 

8 SEE | ſpeculum 


* 
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ſpeculum into two parts, having the fame ratio to 

each other, which the diſtance of the radiant point 

from the centre has to its diſtance from the ſurface 

of the ſpeculum. | 

15. If the breadth of the ede be conſidera- 

| ble, the rays diverging from the ſame point will 

not be reflected from the ſame virtual focus in 

358 the axis ; thoſe rays whoſe points of incidence are 
| more remote from the vertex of the ſpeculum, 2 

meeting the axis in a point which 1 1s nearer to the 

8 on 


16. If the incident rays diverge from one focus 
of an hyperboloid they will be reſlected from The - 
other without any aberration, and the focus will 
be virtual. | OH, Agnes, | 
17. If a radiant object be placed before a con- 
vex ſpeculum, 1. The image will appear behind” 
| the ſpeculum. 2. It will appear erect. 3. It will be 
leſs than the object. 4. As the object approaches 
the. ſpeculum, the image will likewiſe approach 
| the ſpeculum ; and increaſe, till at length, when the 
object touches the ſpeculum, the objea and 1 image 
will meet, and be equal. 5. The image will be 
convex t. towards the object. 
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1. IF a pencil of parallel rays fall on a ſpherical 
concave ſpeculum, they will be reflected converg- 
ing; and the focus of the reflected rays will biſect 
the radius that 3 is B to the incident rays, and 
be'reat. 9 85 
1 i the 1 of the fpedulum be conſidera- 
ble, the parallel rays will not be reflected to the 
ſame mathematical point, but will be diffuſed 
through a little circle, which i is called the circle of | 
aberration ; thoſe rays whoſe points of incidence are 
farther from the vertex, meeting the axis in a 
I which is nearer to the ſpeculum. . EIT 

3. IF tlie ſpeculum be a paraboloid, thi yr 
wil be reflected into the focus without any aberra- 
Mer . . | „„ 
2. an 
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40 If rays diverging from an object ebe the 


centre, fall on a ſpherieal concave ſpeculum, they 


will be reflected to a real focus in the axis of the 
ſpeculum, which divides its radius into two parts, 
having the ſame ratio to each other which the diſ- 


: tance of the radiant point from the centre has to 
. its diſtance from the vertex of the ſpeculum. 


5, If the breadth of the ſpeculum be confider- 


able, the rays diverging from the ſame point will 
not be reflected to the ſame mathematical focus in 


the axis, thoſe rays whoſe points of incidence are 


more remote from the vertex, meeting the axis in a 


point which is nearer to the ſpeculum. EET 
Hence both in this caſe, and where the incident rays _ 


parallel, all che reflected rays will interſect each other be- 


tween the points of incidence and the axis; and ſince the | 
denſity of the rays will be greater near che interſections of 
the contiguous pencils, there will be formed a luminous curve 
by this ſeries of interſections, which is called a Cauſtic. It 
from the radiant there be drawn two tangents to the ſection 
of the fpeculum made through the axis, theſe rays will not 
be reflected; therefore the Cauſtie will be a curve of con- 
trary flexure, whoſe cuſpis is the geometrical focus, . the 


extremities of the branches are the points of contact. 


6. If the incident rays diverge from one focus . | 
an ellipſoid, they will be reflected to the other fo- 
cus without aberration; 5 and the focus will be real. 

7. H 
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5. If rays diverging from a radiant-placed in the 
centre, fall on a concave ſpherical - ſpeculum, the 
focus will coincide with the centre, and the image 
_ the object. 5 + | 

It the radiant be placed between the centre 
5 the principal focus, the image will be formed 
at the other ſide of the centre; and the diſtance 
of the radiant from the ſpeculum will be to its 
diſtance from the centre, as the diſtance of the focus 
| from the ſpeculum to its diſtance from the centre. 
9. If the radiant be placed in the Prevent en, 
the rays will be reflected parallel. 

10. If the radiant be placed between the principal 
focus and the ſpeculum, the rays will be reflected 
| diverging from an imaginary focus behind the ſpe- 
culum ; and the poſition of the focus will be de- 
termined in the ſame manner as before. ; 

11. The foci of incident and reflected rays are al- 
ways on the ſame ſide of the principal focus, but on 
different ſides of either the centre or ſurface. Es 

: If the focus of incident rays be moved along the axis of : 
the ſpeculum, the focus of reflected rays will move in the 

oppoſite direction; and the 78 will meet at the furface and 
centre. 1 5 | ; 

12. If the focus of incident rays be moved, its ve- | 
locity will be to the velocity of the focus of reflected 
rays, 
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5 ow as the ſquare of the diſtance between the prin- 
- cipal focus and the focus of incidence to the ſquare 
of half the radius. | F544 
13. The image is Inverted or erect with reſpect 
to the object, according as they are at different 
des, or on the ſame ſide of the centre of the we- 6 
culum. e e | 
14. The as of the i image ok object dre 
to each other as their diſtances from the centre of 
the ſpeculum; or as their diſtanees from the ſpe- 
culum ; or as the principal focal length to the diſ- 
tance of the image from the principal focus. | 
Hence if the object be beyond the centre, it will be larger 


than the image, becauſe farther from the ſpeculum. As 
the object approaches the centre, ſo does the i image; conſe- 


55 quently they approach to equality, and in the centre they 


coincide. If the object be between the principal focus and 
centre, the i image will be at the other ſide of the centre, and 
therefore greater, as being farther from the ſpeculum. * 
the object be between the principal focus and the ſpeculum, 
the image will be behind the ſpeculum, and therefore greater 
than the object, becauſe farther from the centre. 


5 15. A rectilineal object placed upright between a 


concave ſpeculum and its NI focus, will ap- 
pear concave. 8 5 
16. The brightneſs 7 the image . by a 
concave {peculum is as. the area of the ſpeculum di- 
| rectly, 
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rectly, ind the ſquare of the diſtance of the i image 
from the ſpeculum reciprocally. 

15. The degrees of heat generated in the foci of 
different ſpeculums when expoſed to the ſun's 
rays, are as their areas directly, and inverſely as the 
ſquares of their focal lengths. 

18. The heat generated in the focus of a ſpecu- 
lum is to the ſun's direct heat, as the area of the 


| ſpeculum to the area of the image. 
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:. DioprRIcs is that part of optics which 
treats of the refraction of light, and the various 
. which reſult from it. 

When light moves through an homogeneous 5 
5 it preſerves a continued rectilineal courſe; 3 


but in paſſing from one medium to another of 
different denſity, it deviates from its former courſe; 


this change of direction 1s called refraction. 
3. The lines which a ray deſcribes before and 


after it enters the refracting medium are called the 
incident and. refracted rays ; the angle contained 
: between the incident ray and a perpendicular to 
the ſurface drawn from the point whereon the ray 
falls, is called the angle of incidence ; z the angle 


contained 
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contained between the refracted ray; and the per- 
pendicular above mention is called the angle of 
refraction. | 

The difference of the angles of incidence wy refraction 
is the angle by which the ray deviates from its original di- 
reCtion, and is called the Refracted angle, or the angle of 
deviation. | 

4. When a ray falls hit on the Foy 
of a denſer medium, it is refracted towards the 

perpendicular ; a ray falling obliquely on the ſur- 
face of a rarer medium, and paſſing into it, is re- 
fracted from the perpendicular; a ray falling per- 
pendicularly on any refracting ſurface, is not 
turned out of its courſe, but proceeds in the ſame 
direction with the incident ray. 

5. In all refractions between the ſame given me- 
diums, the ſines of the angles of incidence and re- 
fraction are to each other in a given ratio 
Ls a ray of light be refracted out of air into glaſs, the 
fine of incidence is to the fine of refraction as thirty-one 
to twenty, or as three to two nearly; out of air into water 
as four to three. Hence the fine of incidence is to the 
fine of refraction, when a ray paſſes out of water into 


glaſs, as 4 to +7, or as 93 to 80. 
6. Parallel rays falling on a refracting plane fur- 


face are refracted parallel. N 
4, If e rays paſs through. a Aue me- 
. 5 dium 
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dium terminated by tis plane ſurfaces inclined to- 
wards each other in a very ſmall angle, and the an- 
gle of incidence be allo very ſmall, the angle of 
deviation contained by the incident and emergent 
tays will be to the refracting angle contained by 
the planes, as the difference between the fines of 
incidence and refraction at the firſt ſurface to the 
fine of refraction. ge 
Fig. 1. 4. Let 94 be the incident ray, os the emergent 
. Fay, and let the perpendicular AB to the firſt ſurface AI 
eroſs CD, the perpendicular to the ſecond, in E; and ſup- 
poſing the ray AC ts go both ways out of the priſm, the 
angle of incidence ACD : angle of emergence De, in 
the given ratio of incidenee to refraQtion, : :i:r5 and diſ- 
Jointly, ACD: ACT : 55: r= iz and CAB: CAR in the 
fame ratio, ſuppoſing the ray to go backward ; ; and conjoĩnt- 
ly or disjointly, | ACD + CAB 1s to ACT + CAR, that i is, 
BEC or AIC is to REFS, in the ſame given. ratio of i to r-7. 


Hence the deviation is proportional to the refracting an- 
gle, and is invariable in all poſitions of the ray; and when 
the ray within. the priſm coincides with a perpendicular to 


5 either of the ſurfaces, one of the refractions will vanifh, and 


the deviation cauſed by t the other fingle refraction will con- 
tinue the ſame in quantity as before, when it was made by 
two refractions. Alſo any two emergent rays produced 
will be inclined to one another in the fame angle, + as the two | 
incident rays are inclined to one another. . lon 

8. If three homogeneous rays, making with 
| each other equal angles, be refracted at a common 
| point 


* 
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peint of tnchiletie\ froth a denſer into a rarer me» 
dium, the ſum of the angles of refraction of the 
extreme rays will be greater than twice the gr 
of refraction of the mean ray. | 

Fig. 3. Let the three arches ab, ag, ad be in arithme· 
tical proportion; and 5, gl, dI three homogeneous rays, 
| paſſing out of 2 denſer into a rarer medium, and refracted : 
at Tin the lines IB, 1G, 1D; draw the fines of incidence 
bn, go, dp, and the correſponding fines of refraction BN, 

GO, DP. Now it is known that ſmall arches are AS their | 
fines, and the increments of the arches as the increments 

of the fines; but as the arches increaſe, the increment of 
the arch has a greater ratio to the increment of the ſine, and 
ſill greater as the arch is larger. Therefore the fines of 
refraction DP, GO, BN and their increments have the ſame - 
proportion amongſt each other 2s the fines of incidence 
dp, go, bn and their increments; and fince the arches 4D, 
AG, AB axe larger than the arches ad, ag, ab, it follows, 
that the ratio of the arch DG to GB is greater than the 
ratio of dg to gh; but dg and gb are equal; therefore DGS 
is greater than GB; and conſequently the ſum of the re 
fractions AB and AD. is. greater than twice the. wien 
AG into the rarer medium, 

9. If homogeneous rays be refracted by a 1 
the angle which the incident and emergent rays 
contain is then greateſt, when the refractions on 
both ſides the priſm are equal. 

Fig. 4. Let the ray PS, parallel to the baſe of the priſm, 
be refradted into the lines PM, SN. making che angles 
, APM, 
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4PM, BSN equal. Alſo let the oblique ray P be re- 
fracted into PH and Q; from P and 2 erect the per- 
pendiculars PV, Q to the ſides of the priſm, and through 
2, draw N parallel to the baſe of the priſm ; ſince the 
angle s S its alternate PR, and VPS = VR, the 
three angles of incidence YP, VPS, V are in arith- 
metical proportion; therefore the ſum of the refractions 
of the oblique ray, out of the priſm into air, is greater 
| than twice the refraction of the ray PS into the air at 
P, or than the ſum of the equal refraCtions of the ray 
Ps at P and 8. And therefore if the rays HP, L be 
| produced till they meet in E, and MP, NS till they 
meet in F, the ho a HEL will be lefs than the angle 
MEN. 

10. When Kverging rays fall nearly perpendi- 
cular on a refracting plane ſurface, the focus after 
refraction is thus found; from the radiant point let 
fall a perpendicular on the refracting ſurface, and : 
2s the ſine of the angle of refraction is to the fine 

af the angle of incidence, ſo let the perpendicular 
_ [diſtance of the radiant from the ſurface be to the 
diſtance of a point in that, perpendicular, and on 
| the ſame fide, from the ſurface ; . this point will be | 
the focus required. 


11. An object being i immerſed i in water, appears | 
nearer to the eye than it really is by one- fourth of ” 
185 depth from the ſurface of the water. 


Fs A . of Has cannot 8 out of a denſer 
| | * into 


into a rarer medium, if the angle of incidence ex- 
ceed a certain limit. | 
This limit is the angle of which the fine is to radius, 
28 che ſine of incidence is to the ſine of refraction out 
of the denſer medium into the rarer. Thus, a ray of 
light will not paſs out of water into air, if the angle of 
incidence exceed 480 16, the fine of which is to radius 
as 3 to 4; nor out of glaſs into air, if the angle of inci- 
dence exceed 40® I1', the fine of which is to radius as 
20 to 31 3 nor out of glaſs i into wen if the 9 exceed | 
about 59 20. 
13. If the angles of incidence and refraction be | 
ſo ſmall as to be reckoned proportional to their 
fines ; and the angle of incidence, when light paſſes 
from air into glaſs, be, increaſed or diminiſhed by 
any quantity, the refracted angle, or angle of de- 
viation, will be increaſed or diminiſhed by one-third 
of that augmentation or diminution; and by one- 
half of the e if the emergence be from cas 
into r, | | IO 
14. When Kone rays fall on a 4 me- 
dium terminated by two plane and parallel ſur- 
faces, the focus of the refracted rays will be be- 
tween the medium and the radiant point; and the 


diftance between the conjugate foci will be to the = 


thickneſs of the medium, as the difference between 


the fines of incidence and refraction at the firſt ſur- 
face to the fine of incidence, 


Fig. 
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Big z Let DDE be perperidicutir to the parallel ſor- 


faces 4D, CE; 2A the incident ray, not very remote 


from the axis Q; in D produced take R fo that D. 
- DR 22711 R will be the focus of the refracted ray Ac; 
and if F be taken ſo that RE: FE : : ir, F will be the 
focus of the emergent ray my therefore ſince RE: FE 
22127 we have R: RE:: i-: i; alſo RD: RD :: 
i-: i; therefore SF: DE: i: i. And fince AC 
2 approaches the {a ee it 1s evident, that SC pro- 
| duced will meet Q between 2 e 
When the refracting medium is glaſs, the nervi be. 
tween the conjugate foot 4 185 of the u of the me- 
mm.. Fo 3 7 
If the Re of the © pinky be a 3 \ quantity, fo will 5 
the interval between the conjugate foci; and therefore if 
the object and the glaſs be given in poſition, the farther the 
exe from the object, the leſs will be the apparent diflo- , 
cation; or if the poſition of the eye and glaſs be given, 
| the diſlocation. will be leſs, the more remote the object, 
15. Having the focus of incident rays upon a 
medium terminated by two plane ſurfaces, inclined 
N to each other in a given angle, the focus of the 
emergent rays is thus found: from the radiant let 
fall a perpendicular on the firſt ſurface, and i in it 
find the focus of rays refracted at that ſurface; 3 
from which let fall a perpendicular on the ſecond 
ſurface, and as the perpendicular diſtance of this 
focus from the firſt ſurface is to the diſtance of 


the 
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the radiant from the ſame, ſo let the diſtance of 
the focus of rays, refracted at the firſt ſurface, from 
the ſecond be to a fourth proportional, which, taken 
In the perpendicular to the ſecond ſurface and to- 
wards it, will give the focus required. | 
Fig. 6. Let Abe the focus of incident rays 94, 2B; 
on the ſide of the priſm IA, produced if neceſſary, let fall 
| the perpendicular 2G, and in 2G take the point R ſo that 
G A: GR: i; then will R be the geometrical focus of 
the pencil of refracted rays AC, BD within the priſm. | 
8 Again, in the perpendicular RH to the fide CI, produced 
if neceſſary, take the point F ſo that RH: FH: ir, 
and F will be the focus of the emergent pencil. 
Becauſe RA.: RG : RF: RH, M is parallel to GH; | 
therefore DF; GH::R D : RE, that is, in a given ratio; 
hence ſince GH increaſes while GR increaſes, the interval 


between the conj ugate foci will be greater, when the perpen- 
dicular diſtance of the radiant point from the firſt ſurface is 
greater; and therefore if the poſition of the eye and ob- 
ject be given, the apparent diſlocation of the object will 
be greater, when the priſm is farther from the = EY or 
© nearer to the eye. | 
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1. IF parallel rays fall upon a la "TROL 


| ſurface, near the vertex, one of which paſſes through 
| the centre, the focus is thus found : : from the point 


of incidence of any ray draw a right line meeting 


the central ray, and let the length of this right 
line be to the ſegment of the central line intercep- 
ted between it and the centre, as the fine of inci- 


dence to the fine of refraction, and the interſec- 


” tion of this right line with the central line will be 


the focus required. | 

2. If the refracting ſurface be very ſmall, the -: 
focus i is thus found: as the fine of incidence is to 
the fine of refraction, ſo is the diſtance between 
the focus and ſurface to the diſtance between the 


focus and centre. i ir 


Hence 


Hence the principal focus of a conyex ſpherical ſurface 
of glaſs is diſtant from the vertex nearly three times the 


radius: for in this eaſe, the diſtance between the vertex 
and focus is to the difference between that diſtance and 
the interval between the centre and focus, that is, to the 
radius of the ſurface, as the ſine of incidence to the dif- 
ference between the wy of incidence _ SINE or 
as 3 to 1. | 

If the refraction be from 3 ike, this diſtance of the; 
principal focus from the ſpherical ſurface will be double the 
radius; becauſe the ſine of incidence is to the fine of refrac- 
tion as 2 to 3, and to their difference as 2 to . 4) | 

The principal focus of a ſpherical convex ſurface of Was 
"4 is diſtant from the ſurface four times the radius; and if 
the refraction be made from water inte ar, it will be dif+ 
tant three times the radius, "BORG 

3. When it is ſaid, that this: Wins of a + bel | 
| refracting ſurface is found in the manner laſt de- 
ſeribed, it is to be interpreted phyſically, not mathe- 
matically; for no ray, in truth, paſſes through the 
point ſo determined, except that which coincides 
with the axis of the ſurface ; 'thoſe rays which fall 


on the ſurface nearer to the TRY having their fock 
farther from it. | 

Fig. J. Let A4 be a Shea furface, Ryo one of the pa- 
rallel pays paſſing through C the centre ; ; f A be the point OY 
incidence of any ray, falling on the convex ſurface of a den» 
ſer medium; from 4 draw AF meeting RY produced in 
5 ſo that 4F may be to o CF, as the fine of PTY, to the 


Vu f ä ſing | 
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e of refr ation; and F vill be its focus. Let RB be an- | 
: other ray, more remote from the vertex V: this ray cannot be 
refracted to E, becauſe BF is leſs than AF, 3 El. J. and 
therefore che ratio of B to CP isleſs than the ratio of AF to 
CF, whereas the refracted ray is always to the diſtanee of its 


| foous from the centre in the ſame ratio z neither can it be 


refracted to any point & beyond E, becauſe che angle RBF, _ 
and therefore BFG is obtuſe ; and conſequently BG greater 
khan BF; but BF and FG are greater than BG; take Bm 
BE then FG is greater than mG ; therefore the ratio of 
BG to GC is leſs than the ratio of BP to HC, that is, a for- 
_ tiori, than the ratio of AF to FC; therefore the refracted ray | 
muſt meet the axis ſomewhere. between Fand C, as at ©; 
that is, the farther the point of incidenee e nee 
the nearer is the focus to the yertex of the ſurface. 
Fig. 8. If RB fall on the concave ſurface-of a rarer me 
dium, and F be the focus of RA, RB cannot be reftacted to 
H becauſe BF is greater than AF ; therefore BFis to CF 
in a greater ratio than AF to. CF; neither can it be refrac- 
ted, to any point 6 farther from 7 than F: for. take Bm 
4 BE, and from B erect the perpendicular Be meeting 
0 in e; 3 then BG: Bm or BF: : E chat * in a 
greater ratio than CG to CF; therefore BG ; is to CG. in a 
7 ſy ratio than BF ro CF, that i is, than AF to CF. 5 
Hence the foci of the different rays occupy the ſurface 
; af a little circle whoſe plane is perpendicular to the axis . 
the 8 and bend oa 1s | Sao. he eircle of e 5 
| tin. MES | | 
| 7 If Fiverging « or converging rays fall on a ſmall 
5 Fi of a 0 iphorical fires, their focus 


5 may l be thus ee find the focus of parallel rays 5 4 
coming in the contrary direction, and the diſtance 1 
between the conjugate foci will be a fourth propor- 9 
| tional to the diſtances of the radiant from the prin- 


cipal focus, from. the ſurface, and from the centre. | ; 3 

Hence the 1 two foci coincide at the centre and at the ſur- 9 5 ö | 
h 3 and the four diſtances, 1 in the propoſition, lie all the 8 | | 
fame way Hom the rug op incident Joo. or two oft Py „ | 


Bae. 1 mel. 1 8 
3. IF pail rays fall Rally perpekicnth 
on a ſphere, the focus after refraction at both fur- 
faces will biſect the diftance of the focus of refrac- 
tion at the firſt ſurface from the ſphere. © 
If the ſphere be water, the focus lies at the Rs 
ſemidiameter from the ſphere z if glaſs, at half that diſtance. 
6. If the line joining the centres of the ſurfacesof | ii 
a lens be divided in the ratio of the reſpective 41 
radii; all the rays paſſing through or Will \ 
have their incident and emergent Fits Pansen 
A lens is a tranſparent body of different denfity from the "Il 
| ambient medium, and terminated by two ſurfaces, which are 1 'Y 
both ſpherieal, or one plane and che other ſpherical. | . 4M 
Lenſes are diſtinguiſhed by the nature of their len . N A 
and are of five kinds, double convex, double concave, plano- 2 | 


convex, plano-concave, 5 and meniſcus, which is +, CONEAVE on 


. 


one ſide and convex on the other. 5 
The point determined i in this artiele i is called the centre 7 
e | Rense if the thickneſs" of the lens be inconſider- 
4 e Vusz „„ able 


If the lens vegas Twill hs R we and d =— 


cus, Rar d = 


: « TT 1 8 is a mean e between its 
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5 able, the paſſage of every ray. through, the centre. may be | 


eonſidered as rectuineal. | | 
The axis of a lens is a 880 "a perpendicular to > both 


| e 


The vertex is ihe point $2 49 the axis ; cuts the ſurfaces. 
7. The principal focus of a lens is thus found: 
find the principal focus of the firſt ſurface, this is a 
focus of incident rays on' the ſecond ſurface ; find 


| the principal focus of the ſecond ſurface of rays 
coming the contrary way; then will the diſtance of 

the focus of incident rays on the ſecond ſurface from 
the focus required, be a fourth proportional to its 


diſtances from the principal focus of that ſurface, : 


its centre, and the ſurface or lens. ay 


8. If the ſine of incidence out of. air 3 A "Hi - 


be to the ſine of refraction as I to R, and: the 
radii of the two ſurfaces be m and u, the diſtance 4 


of the 8 focus from the lens will be = 


amn 
= 
If one radius » become infinite, or the lens e «plane : 
convex or planio-concave, d=2m.. 5 


If one radius » become noun oe les will be a me 
2 nin . 9 5 BAT 3a V N „ 
5 | 


"Gs Half the linear aperture afs any 9 85 27 Roe, 


focal | 
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focal length, and the difference between the thickeſt | 
and thinneſt parts of the lens nearly. 
Fig. g. Firſt, in a plano-convex and: plano-concave, let 
the axis Ry be twice the radius of curvature ; then will r 
be one of the principal foci of the plano-convex lens; and 
R the focus of the plano- concave; but RS in the former, 
and rs in the latter = the difference between the thickeſt 
and thinneſt parts of the lenſes ; and theſe verſed ſines, when 
indefinely little, are third proportionals to the diameter Rr, 
and PS or ps half the linear aperture. 2. A double con- 
vex may be conſidered as conſiſting of two plano- cov x 
lenſes ; a double concave of two plano-concaves ; and a me- | 
niſcus of the difference between two plario-convex lenſes; 3 
: therefore if S be the ſemi- aperture, D the difference between 
the thickeſt and thinneſt parts of one plano-convex or plano- 
concave, and d the difference in the other, then D. d= 
e e ore thickeſt and thinneſt parts of the 
een lens . 4 e RO $9; and DFETx 


3”. 


00 _ - $4. 
1 a plano-convex, double convex; and 0 the dif- 5 
ference between the thickeſt and thinneſt parts of the lens 
is equal to its thickneſs ; therefore in theſe lenſes, half the | 
linear aperture is a mean proportional between the thickneſs 


and focal length. But this propoſition i 18 not to be relied on 
in lenſes of ſhort. focus. 12 8 
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1 . . Ir rays diverging 5 or converging to a ia 
in the axis of a lens fall on the lens, their focus is thus 
determined: from the centre of the lens take, in tlie 
axis of the pencil, the principal focal length, to- 
wards the given focus if the lens be convex; on the 
* contrary ſide of the lens if it be concave ; from the 
given focus, towards the principal focus, take a point 
whoſe diſtance from the giyen focus ſhall be a third 
proportional to the diſtances of the e focus 
and centre of the lens frem the a; ; that yo. 
will be the focus of the refracted rays. | 
Tue principal focus and the focus of refracted rays lie he 


5 ene ee eee . Andi if the focus 


of incident rays be moved, the focus of refracted rays will 


move in the ſame direction; and they will meet at the ſur- 


. In 
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2. In Gould convex lens, the diſtance between 


the radiant and principal focus is to the principal 


focal length, as the diſtance of the object from 
the lens to the n. hee] the 5 7 N me 
fame. i OO 1 
Hence if 4 de the diſtance of the object Bot an equally 
Aude convex lens, r the radius of curvature or principal 
: focal length, and f the diſtance of the eee 


lens then d Cs ＋ :: 4 f + al, 1 f 


. . 
ins an ng Kt double concave, Knee the 3 bene 


is to be taken on the contrary | ide of the lens, d . * 


. 

oy 1 = h 

In a ' plano-convex, the focal length ; is 27, therefore 4 

_ were” ns | 
— 2 221 445 re, 5 

IG "og 
1 a. 4 Fo = 2 
3 hs. zr: ar: Fr 42 "= 


N II the diſtance * an object Go a double 


convex lens be equal to twice the focal length, the 


diſtances of the object and image from the lens will 

be equal; and their diſtance from each other will 

be a minimum. | 

| The product of the difference 3 hi diſtances: of 

the object and i image from the lens, and its principal focal 
| length i is equal to the ſquare of the focal length, which is 

2 8 quantity? 3 but 8 che en, under any two 
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10 Hoes 8 of the fame bee wer lum is leaſt 
Vhen they are equal. 1 bu EY 
4. If an object be Ch: a ny given fiance 
15 from a ſcreen, on which its image is to be repre- 
_ ſented by refraction of the rays through a double | 
convex lens, and if the lens be moved gradually 
from the object to the ſcreen, it will either paſs 
through one or two poſitions in which the image 
will be diſtinctly delineated on the ſcreen, or there 
will be no e in which Iv: will 1 diſ- 
tinct. 5 . | 
For fince the apo. Been the ddt and the Hogs 
is a minimum, when it is equal to four times the focal 


length, it follows, that When it is greater than four times 
: the focal length, there will be two poſitions of the lens, 


viz. one on either fide of the point which biſects the i inter- 
val between the conjugate foci, in which that interval will 
continue the ſame; ;- if chat interval be equal to four times 
the focal length, there will be but one poſition, viz. when 
the lens biſects the interval; and if the interval be leſs than | 
four times the focal length, it is evident there is no poſi- 
tion in which INE; ima ay can be delineated . on hen 
fereen. 0 „ IT | wan 

5. The linear . of an object ai its 
image are to each other Ke as their diſtances 
from the lens. 5 
Hence in a double convex or plano-convex lens, che 
85 image 471 be e 9 toy or leſs than the object; . 
$29 | but 
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but in a concave lens, the magnitude of the i image 7 will al 
ways be leſs than the object. | 
6. If the eye be cloſe to a Concave lows the ap- 
parent magnitude of the image of any object ſeen 
through it will be equal to that of the object; as 
the eye gradually recedes from the lens, the image 
will appear to diminiſh, and the limit of the ratio of 
the apparent magnitude of the image and object | 
will be the ratio of their actual magnitudes. 

_ By the apparent magnitude of the i image or object i; is un- 
derſtood the angle which they ſubtend at the eye, and not 
the apparent magnitude according to the judgment which 
the mind forms of them. Their apparent magnitude there 
fore depends on two circumſtances, their actual magnitude, 
and their diſtance from the eye; and ſince the image is ſmall 
when compared with its diſtance from the eye, it will ſub- 
tend an angle at the eye, which is as the length of the 
image n and the diſtance of the eye from it in- 

Ts: no LF] par | 
70 If the 5 as an objekt from: a A 
convex lens be leſs than the focal length, as the eye 
recedes gradually from the lens, the ratio of the 
apparent magnitude of the | image and object will 
continually increaſe; and the limit of its increaſe 
will be the ratio of the real e of the 
image and object. 25 8 5 

8. If the diſtance of an object x ng A Jouble 
convex lens be equal to the focal length, the ap- 
| X X | parent- | 
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| parent ods of the image with reſpe& to 
the object will continually increaſe without limit, 
as the eye recedes from the lens. - 

9. If the diftance.of the object from the lens be 
greater than the focal length, the ratio of the ap- 
parent magnitude of the image and object will in- 
ercaſe without limit, according as the we” recedes 
from the lens towards: the image. 

10. If the eye be farther from the lens khan the 
image, and the ratio of its diſtance from the image 
to its diftance from the object be leſs than the ratio 
a of the magnitude of the! image to that of the ob- 

ject, the image will appear greater than the ob- 
| ject; if the ratio of theſe diſtances be equal to the 
ratio of the magnitudes, the object and image will 
appear equal; and if it be greater, the Gy will 
appear leſs. 

11. If the object by infinitely ow, it will aps 

| pear magnified, of its uſual ſize, or diminiſhed, 


: according as the diſtance of the eye from the. lens 


is leſs than, equal to, or ne than twiee 8 the focal 
tength. 

"Ain. Images. formed vos a concave lens, or by a 
_— convex lens when the obje& is nearer to it than its 
focal length, are erect and imaginary. „ 
i 5. F 175 Figs of an e whowo diſtance from 
e e 8 . A convex 
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a convex lens is Sete than the focal length, is in- 
verted and real. 

14. The image ſeen through a concave lens is 
always darker than the object. . | 
15. If the object be in the principal focus of a a 
convex lens or within it, the image will appear 
brighter than the object. | 

16. If the object be beyond the COD” focus, 
the image ſeen through the lens will appear leſs 
bright than the object, equally bright with it, or 
brighter than it, according as its diſtance from the 
Jens is leſs than twice the focal length, equal to, 
or greater than it. | | | 
14. The brightneſs of the image of any lumi- 
nous object formed by a convex lens, will be as 

the area of the lens directly, and inverſely as the 
ſquare of the diſtance of the image. 
18. The degrees of heat in the foci of different 
convex lenſes expoſed to the ſun's rays, are as their 
areas directly, and inverſely as the ſquares of their 
focal lengths. And the heat in the focus of a lens 
is to the ſun's direct heat, as the area of the glaſs 

to the area of the i image. 
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1. IF the rays of the ſun, refracted by a triangular 
gaſ priſm, were homogeneous, there is a certain 
poſition of the priſm in which the 880 would 
appear orbicular. | | | 

Fig. 10. Let XL, YK be two rays, the one coming 
from the upper limb of the ſun, the other from the lower, 
and crafling each other in F, the aperture in the win- 
dow ſhutter EG; let the priſm ABC be turned round 
its axis ſo, that the refraCtion of the ray YR, at its inci- 
dence at K, may be equal to the refraction of the ray XL 
at its emergence : at I; then ſuppoſing the ray T to go back- : 
Wards, the refraction of the ray XL at L will be equal to 
the refraction of YK at H; therefore the ſum of the re- 
fractions of the ray YR, at K and H, will be equal to the 
| ſom of the refraQtions of the wy * L at L and I; and 

VV therefore 
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therefore the two rays, being equally refracted, have the 
ſame inclination to one another after refraction as before, 
that is, half a degree, equal to the ſun's appparent ſemi- 
diameter. So then PT would ſubtend an angle at the 
priſm of half a degree, and therefore would be equal to 
the breadth of the gy + and conſequently the Age 
would be circular. 
2. The ſun's light conſiſts of rays of different 
colours, and different degrees of refrangibility. _ 
If the ſun's rays be admitted into a dark room through a 
ſmall hole in a window ſhutter, and be refracted through a 
glaſs priſm, the/ image will be an oblong figure terminated - 
with ſtraight parallel ſides and ſemicircular ends, the length 
of which is about five times its breath. The whole image 
conſiſts of ſeven diſtinct colours, lying in the following or- 
der, red, orange, yellow, green, blue, indigo, and violet, 
and are called the Priſmatic colours from the experiment. 
The ſeparated rays deviate unequally, from the courſe of 
the incident ray, whence they are ſaid to be differently re- 
frangible. The refrangidility of the rays anſwers to the 
order in which the colours appear in the priſmatic ſpectrum, | 
the red being the leaſt, and the violet rays the moſt re- 
fracted. Any of the ſeven colours oy e from the reſt 
is called an homogeneal ray. ws Wes 
The" angle contained between the ſides of the priſm 
through which a ray paſſes, is called the refracting angle. 
It is always ſuppoſed in optical experiments, that when 
A yay” is aaa Ag a > priſm: the anion and emer- 
5 0 gent 
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gent rays are in a plane which is e by the axis 
of the priſm. | 
If the priſm be turned about its: -axis, the 
9 55 will firſt aſcend and then deſcend, or the 
contrary; in the limit between which motions, 
when the image is ſtationary, the refractions on 
both ſides are equal. ets . 

In this poſition of the priſm all experiments on hetero- 
geneal light are ſuppoſed to be made, unleſs ſome other po- 
fition is deſcribed : 1, Becauſe the refractions of the rays 
may be thus meaſured without any other inſtrument than 

a quadrant. 2. The refraction by being doubled can be 
more certainly meaſured. 3. The priſm may be placed in 
| this poſition with the greateſt facility. 4, A given error in 
the 835 of the priſm will produce a much leſs effect. 
If the priſm be turned about its axis ſo as 

3 the rays ſhall be incident more obliquely on 


the ſecond ſurface, the image will become langer; 
if it be turned in the contrary direction, ſo as that 


they ſhall be incident more obliquely on the an 
ſurface, it will become ſhorter. | 
Fig. 11. Let the ſolar beam SL be refrafted % the 
priſm ABC, forming the ſpectrum PFT, the rays LK of 
mean refrangibility, within the priſm, being parallel to the 
 hafe; if the priſm be turned on its axis according to the 
order of the letters AC B, ſo that the rays ſhall be incident 
more obliquely on the firſt ſurface, the violet ray LH will 
K to N with the balls and thereſore the angle 
| e 
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which the violet incident and emergent rays contain, will in- 
_ creaſe, that is, the violet extremity Þ of the ſpectrum will 
deſcend. At the ſame time the red rays will recede farther 
from the poſition, in which their parts within the priſm 
are parallel to the baſe; therefore the angle contained by 
the incident and emergent red rays will decreaſe; that is, the 
red extremity of the ſpectrum will afcend, and thus the 
length of the ſpectrum will be contracted. And the con- 
trary will happen, if the piles be turned on its axis in the 
contrary direction. | | 

5. The oblongation of the cn. does not 
5 Alle from any ſplitting of the rays, nor from any 
| inequality of incidence on the priſm. 

6. If the common fine of incidence from c crown 
glaſs into air be 50, the fines of refraction of the 
leaſt and moſt refrangible rays will be 77 and 78 
reſpectively. | 

Hence in ſmall refractions, where tlie angles and fines are 
nearly proportional, the refracted angles, that is, the re- 
fractions of the leaſt and moſt refrangible rays will be as 
27 and 28; and the difference of the vefractione of the 


leaſt and moſt refrangible rays will be about _ part of the 


whole refraction of the mean refrangible rays. 

J. If heterogeneous rays diverging from a lucid 
point be refracted acroſs a priſm, given in poſition, 
to the eye, the ſum of the angles formed by theſe 
rays a the eye and Weit Ped will ye a given quan- 

- oh 


tity, the mean tefractions on both ſides the erte 


being equal. 
Fig. 12. Let the heterogeneous rays FD, ER be re- 


fracted acroſs the priſm AC to the eye at X: let two 8 8 


terogeneous rays, ſimilar to FD, FE as to refrangibility, be 
incident on the priſm in the direction LM parallel to the 


right line biſecking the angle DEE; the deviation of FD 
is nearly equal to the deviation of LMO, and the deviation 


of FE to that of LMN; therefore the difference of the 
deviations of FD and FEE is equal to the difference of the 
deviations of LMO and LIN, that is, to the angle NMMO 
which the incident and emergent rays contain. But the des 
viation of FD = the angle PT —= VFX + V. * F, and 
the deviation of FE ORA = RFT + RXF; | there- 
fore the difference of the deviations = DFE + GXH = 
NMO, 2 given quantity, becauſe the rays within the priſm 


are ſuppoſed parallel to the baſe. Lect. Opt. P. 1. Prop. 27. 

8. If heterogeneous rays diverging from a given 
ck be refracted acroſs a priſm to the eye, the 
divergence in entering the eye will be greater, the 
more remote the object, the priſm and eye remain- 
2 ing fixed. If the eye and object be given in poſi- 
tion, the nearer the priſm 1 is to the object, the leſs 
will be the divergence. 


For fince the rays DG, EH within the 1 are very 


nearly parallel to the baſe, the angle GXH will be to DFE, 
as DF to GX; and GX H: ; DFE +: GX H, a conſtant 


quantity, : DP. be T GX; before GX. Hes e 


or, 


Dr Ter. 
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or when DF is ſmall with reſpect to GT,: eee ; theres 


| FR hea GX is given, the divergence 1 is ee as D. 
the diſtance of the object. | 


Hence the divergence! is greateſt when the object is in- 
finitely diſtant ; and it vaniſhes when the . touches 
the priſm, 
9. If parallel „ rays, paſſing 1 
a ſmall aperture in a window ſhutter, fall obliquely 
on a glaſs parallelepiped, they will generate a co- 
loured ſpectrum, in which the colours will preſerve 
the ſame poſitions and the ſame breadth at all diſ- 
tances from the parallelepiped ; and the breadth of 
the ſpectrum will be proportional to the breadth 
of the parallelepiped. | 2 
226, If heterogeneous rays flowing from the ait. 


ferent points of the ſun's diſc, and croſſing each 


other in a ſmall aperture in a window ſhutter, 
fall obliquely on a glaſs parallelepiped, they will 
generate a coloured ſpectrum; and as the diſtance 
from the parallelepiped increaſes, the figure of the 
ſpectrum will become more orbicular; the green in 
the middle will by degrees migrate into whiteneſs, 


and the whiteneſs expand; and the extreme colours 


will continue, but gradually grow more OR 4 
by the dilatation of the image. | 
Fig. 13. If the heterogeneous beams TH, Y. H, SH hows - 

7 . from the upper and lower limbs and centre of the ſun; 
0 VVV 
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croſs ok other in the e E, and falling on the paralle- 


lepiped be refracted by it, Pp the axis of the emergent cone 


| of purple rays will be parallel to SH the axis of the cone 
of incident rays; in the like manner, T the axis of the 
emergent cone of red rays will be parallel to SH; there- 
fore as the_centres of the circles p, f always preſerve the 

ſame diſtance from each other, and the circles themſelves 

enlarge as the diſtance is increaſed, the colours will gra- 
* gually intermix, and become more dull and languid, and 
the figure of the ſpectrum will become more orbicular. 
At O where the extreme cones interfere, whiteneſs will be 
ee in the middle of the ſpectrum. : 

1 I heterogeneous rays diverging from a lucid 
point,, and falling obliquely on a glaſs parallelepi- 
ped, be refracted acroſs it to the eye, the divergence 
of the rays in entering the eye will diminiſh, ac- 
5 cording as the object, or eye, or both recede from 
the parallelopiped. 5 i 
Pig. 14. Let & be the lacid. point « a heteroge- | 
neous rays to the eye at 8, acroſs the parallelepiped ABCD, 
theſe rays will have their incident and emergent parts X. 22 
FS, and XN, 78 parallel to each other, and therefore the 
0 triangles pst, MXN will be ſimilar, the purple rays, up- 
on account of their greater refrangibility, diverging more 


15 on either ſide at M and-p from their rectilineal courſe than | 


| the. red rays; whence the Heterogeneous rays muſt neceſſa- 
rily croſs each other ſomewhere, as at O, within the priſm, 
making the triangles MON, pOt alſo ſimilar; and therefore 
dhe points 8, O, & lie in diretum, Let the right line SK 
$1039 „ maeet 
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meet the parallelepiped in K and L, then SK: LX :: S0 
: OX, and SK + LA: LA: : S: OX; if now SK be 
increaſed, LX remaining unvaried, the ratio of SK LA 
ta 84, and therefore, alſo the ratio of LA to OX will be 
increaſed, that is, the interſection O will approach towards 
A; and therefore the heterogeneous rays, which are re- 
fracted to O, will fall leſs obliquely on the parallelepiped, 
that is, the angle MAN will diminiſh, and therefore alſo 
the angle pst which is equal to it. And the like will hap» 
pen, if SK remaining unvaried, LAT be increaſed, 5 
12. The ſun's rays are differently reflexible, and 


thoſe rays which are the moſt refrangible, are alſo 
the moſt reflexible. | | 

The fine of incidence i 18 to the fe of i in the 
red rays, paſſing out of glaſs into air, as 50 : 77; where» 
fore they will be reflected from the ſurface. of the glaſs, 
if the angle of incidence exceed 409 29', the ſine of which | 
angle is-to radius as 50:77; the fine of incidence is to 
the ſine of refraction of the violet rays as 50 78, theſe rays 


. therefore will be releQad, if Na __ of "PICs en 5 


«if 52, 
13. Candle light 1s of the le nature as the 
light of the ſun. b | 


For rays from a candle may be ſeparated: into the ms 
colours with thoſe i in the ſolar ſpectrum, and they lie in 


| the ſame order; but their proportions are different. 
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. Warn a ray of - nabe emerges obliquely 
Fad one medium into another, which refracts from 
the perpendicular, the greater is the difference of 
their refractive denſity, the leſs obliquity of i inci- 

dence is requiſite to cauſe a total reſlection, and 
| the ſtronger the reflection will be. 

2. The refraction of light 15 probably produced 
by the attractive force of the refracting medium. 
Becauſe ſuch a force is not only ſupported, by the ana- 

logy of nature, but is likewiſe adequate to the effects thus 
attributed to it. . Po | 

3. The augmentation or diminution of the. ve 
* of tlie refracted rays, cauſed by the attrac- 
tion of the refracting medium, is not varied by 
any variation of the angle of incidencgce. 
Hence it follows, that the ſines of incidence and refrac- | 
tion are to each other in a conſtant ratio. | 

Hence alſo a way paſſing obliquely from. a rarer into a 

| _ denſer 
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_ denſer medium will approach towards the perpendicular to 
the refracting ſurface at the point of incidence; and will 
recede from that e in paſſing from a denſer to 


2 rarer. 


It is to be rent that a _—_ force in the refrac-, 
; ting mediums will ſolve the phænomena of refraction 888 8 a 
ly well with an attractive force. 
fe Ehe different refrangibility of the rays yy light 
4 not depend either on the different magnitude 
of the particles, or the different velocity of the rays. 
The different refrangibility of the rays probably depends 
on the different degrees of elective attraction, which ſubſiſts 
4 between the refracting body and the different ſorts of rays. 

5. Bodies reflect and refract light by one and 
the ſame power, variouſly exerciſed i1 in various cir- 
cumſtances. 5 , | 

This appears by ſeveral conkdendtions: 5 When light 
goes out of glaſs into air, as obliquely as it can, if the 
incidence be increaſed, ' it will be totally reflected. 2. 
Light is alternately reflected and tranſmitted by thin plates 
of glaſs for many ſucceſſions, according as the thickneſs of 
che plate increaſes in arithmetical progreſſion. 3. Thoſe ſur- 
faces of tranſparent bodies which have the greateſt refracting 
| e reflect the greateſt quantity of light. 

6. The reflection of light is not cauſed by its 
ata impinging upon the ſolid parts of the re- 
flecting body, but by ſome power diffuſed over the 
ſurface, and which acts in a direction Pepe | 


lar to it. 
| For 
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For when a ray paſſes obliquely from a denſer to a rarer 
medium, there is a certain angle of incidence, at which a 
total reflection begins; and the greater the difference be- 
tween the refractive powers of the mediums, the leſs the 
angle of incidence when this total reflection takes place, 
ſo that the ſorce, whether attractive or repulſive, which 
. permits the ray to be refracted at a certain incidence, will 

be ſo far increaſed by a greater obliquity, as to e 

reflection. Prin. Mathem. Lib. 1. Prop. 96. oF 
Now if. we ſuppoſe that the attractive force of the me- 
dium, through which a ray paſſes, is indefinitely greater 
than that which prevails at the ſurface of the body on which 
it falls, the rays will be reflected at all angles of incidence | 
and in. the ſame manner as refraction is not made in rhe 
4 point of incidence, but gradually by a continual inflection 
of the rays; ; ſo neither will reflection be performed 1 in the 
point of incidence, but the ray will deſcribe an indefinitely 
little parabolic arc, whoſe axis will biſect the angle made 
by the incident and reflected rays, and will be perpendi- 
| cular to the refleQting ſurface, 5 
ob The forces of bodies to mi. and reflec; 


light are as the quares of the ehen of the. 
greateſt refraction. r 
The ſquares of the co-tangents 155 SE 8 
and by conſequence the refractive forces of bodies, are 
found to be nearly as their denſities, except that unctuous 
i and ſulphureous bodies refract more than others of the 
ime _ 
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1. INFLECTION is that change in the direction 
of a ray of light, which it undergoes in paſſing by | 
the edges of bodies, and very near them. . | 
2. If the ſun's rays be admitted through a ſmall | 
hole into a darkened chamber, and a thin plate 
two inches long and about half a line broad be 
perpendicularly expoſed to the rays, a faint light 
will be ſeen diſperſed over the ſhadow, when re- 
_ ceived perpendicularly on a ſmooth white ſurface; 
the ſhadow alſo will be broader, than if the light had 
all proceeded from the hole in right lines, and will 
be terminated by various fringes of colours, the 
. moſt refrangible rays, in each fringe, being neareſt 
NY 8 5 „ 5 
. From 
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From this experiment it appears, that ſome of the rays 
which paſs near the edges of the plate, are bent from the 
body, which is ſimilar to reflection; and others are bent 
towards the body, into the e which i is fimilar to 
refraction. 

3. The coloured . which border the ſha- 
dos of bodies do not ariſe from any new modifi- 
_ cations impreſſed on the rays of light, but ſolely 

from their various inflections, by which they are 
ſeparated from each other. _ : 

It has been attempted to ſolve the phenomena of inflec⸗ 
tion by the hypotheſis of an atmoſphere ſurrounding the 
nenn body, which, variouſly refracting and reflecting 
the rays, produces theſe extraordinary appearances; but 
all ſuch attempts hitherto made appear unſatisfactory. 
As inflection refembles both reflection and refraction, 
andthe inflecting power alſo. acts on ſome rays more than 
on others, by which they are ſeparated from each other, 
Newton concludes, that the power by which the rays of 
light are inflected, is one and the ſame with that by which 
they are refracted and reſtected, though the particular 
manner in which the phznomena are produced, is * un- 
known. 5 | | 
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1. A the rays of the Gal differ i in e 


"fo do they alſo in their diſpoſi tion to exhibit dif- 
ferent colours; and to the ſame degree of refran- 


.%, 


gibility, i ina given medium, always belongs the ſame 


colour ; and to the fame” colour, hs {ans degree 


* 


of ny. . . 


That ſpecies of colour OT is peculiar to 


| | any Wen of rays, is not : changeable. by ig as 
| or reflection. . 
3. Bodies appear of pattietlar colours "up their | 
diſpoſition to reflect the rays S one colour more 


. 


be peer than another. „ 
Hence if che ſun's light conſiſted but of one fort of rays, 


all things would appear of the ſame colour. 


Bodies appear of different colours in candle-light and 
ke becauſe. the component colours of each are to 25 


each other in different proportions. 


— 
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4. 8 bodies appear of different co- 
lours, by tranſmitting ſome rays more copiouſly 
than others, and Rifing f thoſe which they do not 


; tranſmit. gh | % 


If the light which cranſparent coloured bodies tranſmit | 
be intercepted, and the other rays fall on them, theſe bo- 


| dies do not vary from their former worm, but become en- 


tirely black. 

5 The diſpoſition of > taking to reflec or tranſ- 
mit ſome rays more copiouſly than others, depends 
on the denſity or magnitude of their component 


Particles. VF of as Fer res} 8 


* 


6. Colours a are either original . or r. compounded ; * 


the original or primary colours are thoſe. which 25 
pear in the ſolar ſpectrum; the compounded ar are 
thole which reſult from the. union of primary co⸗ 
lours; and which differ from the primary only i in 
this, that they c can be eee whereas the 
primary e or priſmatic colours cannot. 

7. All the primary colours berg in \ that propor- 
tion which they obtain 1 in the Or ſpectrum, con- 


& > EL * 


i o 
42 


N 


ſtitute whiteneſs. „ 5 


8. The blackneſs of 8 en from thei 
devi io reſet a of ef rays of « light. 
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. 1 dainebom ! IS formed by the ſolar rays en- 
tering the drops of falling rain, and being there 
reftacted to the farther ſurface, emerging from the 
drops after one ot more reflections; and at their 
emergence, as well as at their entrance ſuffering a 
refraction by which the compound rays are ſepa- | 
rated,” they enter the eye of a ſpectator, and ex- 
hibit the priſmatic colours. | 

The primary bow is that which f is s moſt pers 8 in 
| the heavens, « and is formed by two refractions, and one in- 
tervening reflection of the rays. The ſecondary bow is 
formed by the rays Emerging alter two refractions, and 
two intervening reflections. 5 
2. Of the ſolar rays which fall parallel and con- 
tiguous upon | a ſpherical drop of water, thoſe 

ES IT which = 


2-4 


* 
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which are feRtive,” or cart „ a rain - 8 
muſt alſo emerge parallel and contiguous. 
Becauſe otherwiſe they will not enter the eye of the 
ſpectator i in ſufficient abundance, and theyefore with ſuf- 
ficient ſtrength to excite a diſtinct ſenſation; diverging 
rays would alſo by their various crollings and interſections 
; dilute the colours. 
3. The effective hn Vile emerge he — 
reflection, have all one common point of reflec- 
tion, on the oppoſite ſurface of the drop. 
4. The effective rays which emerge after two re- 
: As have their reflected parts parallel to each 
other within the drop, between the two i of 25 
rellection- VV | +; 
- 6s, The effective rays "ck. ent: 5 one 
reflection, have their angle of incidence ſo ordered, 
that. its naſcent increment or ſmalleſt increaſe is 
double the contemporary increaſe. of the angle. of 
| refraction. „ 75 
Fig. 15. Let RI, ri be the incident, a and BM, « em | the 
emergent efficacious rays, having, one common point of re- 
flection Z on the oppoſite ſurface of the drop; j the naſcent 
angle IC is the naſcent increment of the angle of i inci- 
dence; and 5 ZI is the contemporary increment of the an- 
gle of refraction ; but the former angle, being at the cen- 
tre, is double the latter at t the periphery, Urge: 3 ont e ſame 
arch. : 
6. The aaſcent | increment of the. angle of inci- 7 
C SS Ren dence 


- 


| dence of the effective rays which emerge * two 
reflections, is triple the contemporary increment of 
the angle of refraction. And in, general, the naſ- 


cent increment of the angle of incidence of the 


effective rays which emerge after any number of 
reflections #, is to the eee increment of 


the angle of. refraction, as u 1 to We e e a) 

Fig. 16. For I is the naſcent increment of the no of 
; Incidence, 4s before, and ſince CZ, Cxy are the angles of 
refraction, the angle ZCz, meaſured. by the arch Zx, is the 
inerement of the angle of refraction, becauſe ZY is paral- 


lel to 2). But 2 Zz (= arch 27 — arcli 25 = 1Z — arch 


iz) Ii — ZZ; therefore Ii — 3:Zz; and ſo on. 


7. The tangents of the angles of incidence and 
refraction of the effective rays are to each other 


as 2 to 1, when they emerge after one reflection ; * 


and as 3 to 1, when they emerge after two reflec- 


tions: and, in general, as bee to * after a num. 
e i . 
ber of reflections. | ” 


Fig. 17. For i in two e whoſe: fir nes are in a geen 
ratio, their contemporary increments are as the tangents « of 


thoſe angles. In the circle CAB let de be the naſcent i in- 
crement of the arch Be, and di the contem porary incre- 
ment of the fine; from ſimilar triangles, de: di:: Ce (ra- 
dius) : Cc, that is, the naſcent increment of the arch is ag 


the naſcent-increment of the ſine directly, and as the coſine 
| inverſely ; ; but ſince the fines are in à conſtant ratio, ſo are 


their increments; 5 therefore. the naſcent increment of the 
| | | 5 85 arch 


"7 
- * 3 
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arch is | Greatly as the fine arid wette as the ie colin, that 
> directly as the tangent· en eee n 915 
38. There is à certain Pede on dry eh. on 
which rays falling will emerge parallel after one re- 
flection; and another, on which: if NT fall, my 5 
will emerge parallel after two reflections. : 
In the beginning of the quadrant the tangents are very | 
nearly as the ſines of the angles of incidence and refrac- 
tion, that is, 28 4 to 3, which is a leſs ratio than 2 to 10 t 
3 to 1; but, in the end of the quadrant; the tangetit 'of 
2 Aare becomes infinite, While che tangent of refraction 
is a finite quantity therefore there muſt be ſome intermedi- 
ate ſtate, in which the tangents of inclilence and . | 
are as 2 to 25-3 ts 1 or u to 1. e 
Too find the poſition of the point, all thay is 1 — | 
10 to find two angles whoſe. fines are in the ratio of the 
; fines of incidence and refraction of every particular coloured 
ray, and whoſe tangents, in the firſt. how are as 2 to 1, in 
che ſecond as 3 to 1, and in general as 1 + 1 to 1, u de- 
noting the number of refleckions; 3, which is evidently a 
problem, that admits of a ſolution; | becauſe there are two | 
apkoown quantities, - and, two equations] likewiſe. , : ; 


1 


on The coſine of incidence of the effective x rays 
which emerge aſter, Any. number of reflections 1, is 


to radius as IRAN to Ape ; 
denoting! the tine of incidence, and R the | fine of 5 
re action. 5 


Let x and y = = the colines of incidence and ect re- 


e - | 


„„ n =: 


Penn atk the ſquares of their fines, will be 1 — K, 


and 1. — 12. radius being unity; and the ſquares of their 


tangents will be D amen bereſore, by the 


aten 755 a god, I,— wag I 1 : E : K, | 
2 
5 7 0 . AT, 4 5 221 1 * 3 and . abo | 


5 
8 * « — 4 / * 
T F 1 2 Y 


* 1 
F238 3s 


a: E * 1 


for re abt this oy. in the wo 8 — we hare 
9 2 22 a Re, therefore 1 — * 


1 — 4: 
5 n 2 F : | 
2R2 3 — Ste 2 
R . e R 5 
| 55 py 1 3% Py 


N 


fore the coline of on" is alſo known. 44 2 8 55 


en — E 4 1 „ Xo JT I — 
= & $3 1 n 135 e &c. the num- 
hain 3, 3, 15, &e. being gathered by the continual addi- 
tion af the terms of the arithmetical ſeries 3, 5, 7, 9, &c. 
05 The angle which the incident and emergent 


rays contain after one reflection is equal to the dif- 
ference between four times the angle of refraction ä 


and twice the angle of incidence; and after two 


reſlections it is equa} to the difference between fix 


times the angle of refraction, and twice the angle 


of incidence; and ſo on, always adding twice the | 


angle of W for each reflection. = 


\ 


A Re wands = 25 2 SIE. 5 a" (where 


Fig. 


F Ern 


* 


Fig. 18. Let CIZE be a keck "through the eentre of 
© / drop, in the plane of which let RT be an incident ray, 
which/ after two refractions in the points V E, of incidence 
and emergence, and one intervening refſection in To 
Emerges in the line EM. Let EM produced meet the in- 
eident - ray RI, produced alſo, in A, and from the centre 
C let the ſemi-diameters CI, CZ be drawn. Becanſe the 
angles CZI, CZE, and alſo the angles ZIT, ZEX are 
equal, 1 produced will paſs through K. and biſect the 
angle IXE. No- in the two triangles 2 CE, be- 
cauſe the vertical angle at C is a right one, IXZ + CIX 
== CIZ + CZI = — 2 CIZ; therefore AZ = = 2 .CIZ — 
CIT, and 2 AZ or IXE = 4 CIZ — 2 CI, that 18, 
the angle which- the incident and emergent rays contain = - 
4 angle of refraction - — 2 angle of incidence. . 5 
| Again, let the ray RI, after two refleQions i in Z dE, | 

emerge in the line FR, meeting RT and Ei in Rand M; 
becaufe the refractions in I and E are equal, the angles 
FEZ and EFM are equal, and FAE ＋ MFE = FEX 
= FEZ + A EZ, therefore FME = FEZ = 2 angle of 
refraction; but the angle NRM contained by the incident 
and emergent. rays = IAE + FAE = 4 angle of refrac- 
tion — a anglerof | incidence ＋ 2 angle of refraction =: 
ß angle of refraftion '— 2 angle of incidence.” And ſo 
on, always adding twice the angle of refraction, for every 
incidence, t to the former. angle contained * the 1 
and emergent rays. . DE, A 5 ; 
8 11. In the primary "bow, 7 5 leaft refangibl > 
rays, and in the I as bow the moſt xefravgy- . 
ble are outermoſt, a 


| Sings 
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Since the ratio of the fines uf incidence and refrackion 
are different in all the rays of different colours, it is eri- 
dent that the efficacious incident and emergent rays contain 

different angles; and fince the deviation of the red rays is 

leſs than that of any other, it follows, that the incident and 
emergent red rays after one refleQtion contain a greater, 

and after two reſlections a leſs angle than any other rays ; 

and conſequently the red rays will be exterior in the Pris 
mary bow, and interior in the ſecondary bow. | 

The efficacious incident and emergent red rays form an 
angle of 429 2, and the violet 40® 17/ after one reflection. 

And when they emerge after two reflections, the red effi- 
cacious incident and emergent rays contain an angle of | 
500 57', and the violet 54%; and the enen 1 9 
Joured rays intermediate angles. 1 5 

12. The eye is in the vertex of a cone, in the 
ſurface of which all the drops lie 8 render thge 
rays of any one colour effieacious. | 

Hence the bow appears eircular. The axis of 8 cone 

is directed to the ſun, and hence the ow. 1s Sy . 
ſite to the centre of the bow. | 
13. The apparent ſemi-diameter of the bow i is 
equal to the angle contained by the incident and | 
emergent rays. _ | 
14. The apparent fen of the hom is 
equal to the apparent altitude of the higheſt point 

of the bow together with the altitude or the fun” 8 

eee abawe the horizon. JJV 
VV : Hener 
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. the ſun. and ſpeQator's eye be in the horizon, | 
ll appear an exact ſemi-cirele ; and the viſible 
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4 * . 1 > « iſh 
oye t! 11 continually diminiſh as the 
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1 Is homogenes rays iſſue from an objeet placed 
in the axis of a convex lens, the extreme image, 
or that. which is formed by the rays tranſmitted 

through the exttemity of the aperture, will be 
nearer to the lens than the Principal image, or 
that which is . by the rays neareſt to the : 


axis . 


1 hs 15 parallel bomegeneal r rays fall re 0 
larly on the plane fide of a plano-convex. lens, thie 


longitudinal aberration. will be to the verſed ſine of 


the arch intercepted between the point of 1 inci- 1 


dence and the axis, as the ſquare + of the ſine of 
refraction. to the rectangle under the fine of inci- 
dence and the difference of the fines very Pony: 


5 Aa 5 Fs "Fig: 
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Fig. 19. When: the refractiom is made from a denſer to a 
farer medium, the focus F of the refracted ray, in the axis 
CF, lies between the furface and the principal focus P; 
with the centre F and radius FA defcribe the arch AK, 
and let fall the perpendicular AG. Then CF i is to AFor 
KF, as the fine of refraction to the ſine of incidence, or 
as r to i; that js, for the ſame reaſen, as CP to * 
therefore, (CF CP). PF: r — VP) KV PF: : 
CP: VP: : : i; and PF: : r: i. * 
G:: c: FK; whenee conjointly K: G:: 
(CV + FK) CF: FR: : r : 5; then by NNN _ 
and the foregoing progenticns we have PF: GY: 
. i Xi. 8 | 

3. If i: r as the fine of incidence to the fine of 
refraction out of the denſer inte the rarer medium, 
$ the ſine of half the aperture of the lens, R the 
radius ef © curvature, and 4 the principal focal 
19 then pa longitudinal aberration will be 

VVV 


120 121 x # = 1 2d ey 


2 
For the longitudinal aberration = = —>— Xx GY, but 


TER! n 
— 


or - 22, au CN = = x FP; therefore the a- 


| 72 40¹ 
| berraion = = * ß 8 
4. T he lateral aberration will be equal to 5 
| | e 


* . on pry % "I 75 5 | 


For 


L196 | 087165, ' 


For let the refracted ray n cut the line Px, pers * 
pendicular to the axis, in x; then the lateral aberration 
Px; PF: 46: For VP, nearly. i 
big When the radius of curvature; or” the ſock] 
WY is given, the longitudinal aberrations are as 
the ſquares, and the lateral aberrations as the 
cubes of the linear apertures of the refracting ſur- 
face, or of a plano- convex lens whoſe plane ſide 
is turned towards the incident parallel rays. | 
6. The diameter of the leaſt circle of aberra- | 
tion is equal to one fourth of the diameter of the 
circle of aberration. at the principal focus. | 
Fig. 20. Let the refracted ray NT meet the axis in 7. 
and the extreme ray A in 8: draw SO perpendicular to 
VP, Px being the lateral aberration at the principal focus 
F. Then, ſuppoſing the ray A fixed, as the point of in- 
eidence N moves from che vertex V, the perpendicular SO 
will firſt increaſe, becauſe the angle YTW increaſes, and 
| afterwards it will decreaſe, becauſe the line FT continually 
decreaſes; and when SO is greateſt, it is evident, that all 
the rays, on the ſame fide, will paſs through it; and then 
the circular ſection of all the rays, in the point O, will be 
che leaſt poſſible. Now, by Gimilar triangles, TO: 80: ; 
TE or FG: EN or GM; and SO: FO:: AG: FG; 
therefore, ex æquo, TO : FO: : AG : GM; and by com- 
pounding, TF:FO:: AH: GM. Again, „„ 
AG® : GM® (Art. 5.) and by diviſion, PF: TP: : 402 
AM x BM; but we had TF: Te AH: GM, and FO. 
80 
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 ; $80:;2 ME 4G; chereſorb, ex æquo and by 1 

PF: 80: : AG x FG: BM x GM. But PF, AG and 
FG are given quantities, therefore $0 is greateſt, when BM 
X GM is greateſt, that is, when BM = GM. And fince 
TO: FO:: AG: GM $52 5:14 and F: PF +; GHZ: 

462 : 1 : 4, it follows, that $0: Px::FO:FP::1: 4 
J. The aberration ariſing from the ſpherical 
figure of a lens is as the cube of the angle in which 
the extreme pencils of the field are inflected, when 
the focal length is given. ä | 

For when the, focal length i is given, the refraction is as 
| the aperture; but the aberration is as the cube of the aper- 
ture, chat is, as the cube of the angle of refraction. Fd 

8. If: any number of lenſes of a given aperture 
be ſo combined together, as that the whole re- 
fraction ſhall be equally divided between them, 
the ſum of the aberrations produced in this com- 
pound lens will be to the aberration produced in a | 
fingle lens of the ſame focal length; as ny. to 
; the ſquare of the number of lenſes. 
Let Abe the angle of refraction produced by a lens com- 
pounded of lenſes whoſe number is n, between which the 

whole refraction is equally divided; the angle of e 


tion in each lens e ==; ; and the aberration in 


each = 1: 0% ; therefore the aberration produced by the un- | 
ns 


| gle lens is to the ſum of the aberrations produced by all 


the combined lenſes, as 43: * n:; TIE I. 


9. If 
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Ss If parallel rays fall perpendicularly on the 


plane fide of a plano-convex lens, the convex ſide 
being generated by the revolution of an hyperbola 


round its axis, in which the axis is to the interval 
between the foci, as the fine of incidence to the 


ſine of refraction out of glaſs into air; the ray will 
be refracted, without aberration, to the focus of 
the oppoſite hyperbola. And if the lens be a 
double convex generated in like manner by two 
hyperbolas, rays flowing from a radiant in the fo- 
cus of the oppoſite hyperbola of one of them, will 
be refracted, without aberation, into the focus of 


the oppoſite hyperbola of the other. 
See Ham. Con: Lib, 2. Prop, 23. If the radiant be not 


in the axis, the rays iſſuing from it will not be refrated 


without aberration. 

1 parallel rays be 6 at a ee 
concave, the longitudinal aberration from the geo- 
metrical focus is nearly equal to the ſquare of the 
right ſine of half the aperture, divided PL four 
times the radius of curvature, 


Fig. 21. Let RA be the incident and AF ie pow 0 


ray, and P' the. principal focus; 3 with F as a centre de- 
ſcribe the arch AX, and let fall the perpendicular AG); 


fince the verſed {ines of arches are as the ſquares of their | 
Tight fines divided by their diameters, GK: V: c: 2 
#4 2: 1, t and GY = u; but 2 PP = 210. 
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0 cc =VK = „ therefore PF = wm 
. | 5 

= ep? 3 

11. The lateral aberration is equal to the cube 
of the fine of half the aperture, divided by twice 
the ſquare aas... | 

For Px: P: : 4G: FG ori [UV, nearly, 
12. When the radius of curvature; or focal length 
is given, the longitudinal aberrations are as the 
ſquares, and the lateral aberrations as the cubes of 
the linear apertures of the ſpeculum. 
13. The diameter of the leaft circle of bern 
tion is one-fourth of the diameter of the circle of 
aberration at the principal focus. 
This is demonſtrated in the ſame manner as art. 6, 
5 14. If the focal diſtances and apertures of a con- 
cave ſpeculum and a plano-convex lens be both the 
ſame, the diameter of the circle of aberration, 
cauſed by the figure, will be thirty-fi * times nd 
in the ſpeculum than 1 in the lens. 


For RE Art. 4 75 I 1. che 2 8 in the fans and 

| culur are as — ä — , that is, becauſe 

: we x > 9 8 

2 and d are given, and r:7: 3 25 as 36 9 | 
15. If a convex lens of crown glaſs be 25504 


to heterogeneal parallel rays, e will e come to their 
a + . boel 
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foci at different diſtances from the lens, and the 
focus of the moſt refrangible will be nearer to the 
lens, than the focus of the leaſt refrangible by the 
274 part of the diſtance of the mean refrangible 
rays. „„ 

The difference between che diſtances of the foci of 5 
leaſt and moſt refrangible rays will be different in lenſes 
of different diſperſive powers. See Lect. 16. 

16. If heterogeneal rays, flowing from. a 1 
point in the axis of a convex lens of crown glaſs, 
be made to converge to points not too remote from 
the lens, the focus of the moſt refrangible will be 
nearer to the lens than the focus of the leaſt re- 
frangible, by a diſtance, which is to the 27% part 
of the diſtance of the mean refrangible rays, as the 
diſtance between that focus and the lucid point, 
2M to the diſtance between the lucid point and the 

lens. og oe | 
Fig. 22. Let E be the hes of TER rays on 4s 
lens C, © the conjugate focus of the moſt refrangible, and 
F of the leaſt refrangible rays, T the principal focus of 
the moſt, and P of the leaſt refrangible rays, coming in 
the contrary direction; then RP: RC::RC : RF, and 
RC: RT:: RD: RC, therefore RP: RT: : RA: RF, 
and PT : RT:: : RF; but PT = 5; TC, therefore 
RF: +; TC:: RF:RT; alſo T0 20 : 2 RC, 
therefore QF: + RC: : RF: RC. 5 

| th The extreme image of an object wa by OE 
Eh 5 1 24u)convex 
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a convex lens is coloured and :ndiflingt; if the 
proportion of the diameter of the aperture to the 
principal focal length exceed a certain limit. 

18. The diameter of the leaſt circular ſpace into 
which a convex lens of crown glaſs can collect all 
forts of parallel rays, is about the 7 Je of the 
whole linear aperture. 

19. The angle of- aberration varies as the dia- 
meter of the aperture MTs and the focal length 
inverſely. | | 

20. The diameter of t he circle of on, 
cauſed by the ſphericalneſs of the figure of a lens, 
nt inconſiderable, when compared with that which 
ariſes from the unequal refrangibility of the rays. 
The lateral aberration, at the 9 225 ariſing 
from the ſphericalneſs of the figure = > x == 2 3 but he 

diameter of the leaſt _ of aberration 1 is half this 0 quan- 


$3 
ART 


8 2 inches, R - 600 voa, then the diameter of the 


tity, and therefore — „ ; let r be to i:: 31: 20, 


. 2 
Teaft circle of aberration 3 X 8 — __96x : 
207X 4X 6003 72000000 


of an inch. But the diameter of the leaſt circle of aber- _ 
ration, ariſing from the unequal refrangibility is = + of 


an inch; hence the former e is to the. er as 
F to 5449. g | | 
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21. The FEY of the rays in any point of the 
circle of aberration is directly as its diſtance from 
the circumference, and inverſely as its diſtance 
from the centre. 85 

Fig. 23. For ſuppoſing the 8 rays that are 
KP at the points 4, B in the periphery of the lens, 
- to be ſpread uniformly over the line PS, the diameter of 
the circle of aberration; the rays tranſmitted through every 
other point in that annulus will be alſo ſpread uniformly 
over lines all equal to PS, and interſecting one another 
in O; ſo that the whole light tranſmitted through the an- 
nulus whoſe diameter is AB, will be ſpread over a circle 
whoſe diameter is PS; and the denſity of the light, in 
any point of this circle, will be reciprocally as the, diſs 
tance from the centre, Now if the whole circular aperture 
of the lens be ſuppoſed to be divided into an indefinite 
number of concentrical annuli of evaneſcent breadth, the 
light emitted through each will be diffufed over a circle 
whoſe diameter is in a given ratio to that of the annulus, 
and therefore is proportional to it; the quantity of light 
therefore in each cirele of aberration, generated by each 
annulus ſeparately, is as the annulus directly, that is, as its 
radius; cherefore the mean denſity, or the denſity in cor- 
reſponding points in different circles, which is as the quan- 
tity of light directly, and inverſely as the ſpace it occupies, 
will be inverſely as the radius: and ſince the denſity in 
each circle ſeparately i is inverſely as the diſtance from the 
centre, the denſity in different circles, at equal diſtances 
from the centre, is equal, Let CD be the diameter of the 

3 Ex | Karen 
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45 circle of aberration correſpondent to the aperture EF ; all the 
annuli between 4 and E throw their light on the point C; 
therefore the denſity of the rays in C, which is as the number 
of circles intermixed there and the denſity in each con- 
_ Jointly, will be as AE or PC. directly, and CO inverſely ; 
that is, the denſity in any point C, is to the denſity in the 
middle point of the radius, as PC to CO. 

22. The whole quantity of light within any interi- 
or circle of aberration, is to the quantity of light in 
the whole circle of aberration, as the difference 
between the ſquares of the radius of the circle of 
aberration and of the interval between the concen- 
tric circles to the ſquare of the aforeſaid radius, 

Fig. 24. For the quantity of light in the annulus of 
evaneſcent 8 whoſe radius is Mt is as the annulus 
PC 
C 
is, as PC; ; the quantity of light therefore i in the whole an- 
nular ſpace whoſe breadth is PC, is as the ſum of all the 
PC, that is, as PC2 therefore the quantity of light in 
the circle PO i is to the quantity of light 3 in the circle CO, 
as PO? to PO2— PC. | 
As the aberration cauſed by the unequal refrangibility of 
the rays is ſo great, it might be expected that an image 
could not be formed ſo free from colour as we find it ; but 
from the two. laſt articles we ſee, that the light is not uni- 
formly diffuſed over the circle. of aberration, but is very 
rare at the circumference, and very denſe towards the cen- 
tre; ſo that thoſe rays only Which are near the centre : are 
ſtrong enough to affect the . | 


and the denſity of light A or as OC * 5 chat 
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LECTURE XIII. 


- 
— 
f 


\ 


1. VI S 10 N is performed by the rays of light, 

which iſſuing from any point of an object, and 

c falling on the eye, are made by their refraction, in 

: | paſſing through the humours which it contains, 

to converge to ſo many points on the back part of 

the eye, and there paint an image of the object. 

The eye is perfectly globular, except that the fore part is 
a little more convex than the reſt, It conſiſts of three me- 
diums or humours; that in the front is a tranſparent Had 

like water, and is therefore called the aqueous humour; 
the next is called the cryſtalline humour, which is denſer 
than the aqueous, and in its figure reſembles a double con- 
vex lens, having its back ſurface of the greater curvature z 

the hindermoſt is the vitreous humour, and its denſity is 
leſs than that of the cryſtalline. The whole globe, ex- 
cept the fore-part, is ſurrounded by three coats. The ex- 


terior 


7% ovrics. 1 = E274, 


terior coat, called the ſclerotica, is propagated over the 
whole eye, and is white on the anterior part, except a 
ſpherical portion in front, where it becomes tranſparent, | 
- and is called the cornea, Next within, and adherent to 
this coat, is the choroeides; where it joins the cornea, it is 
drawn acroſs through the aqueous humour, dividing it into 
two chambers; this part of the choroeides is called the 


Vvea or Iris; in its centre is a perforation for the admiſ- 


ſion of the rays called the pupil; this aperture the eye has 


a power of contracting or enlarging, for the admiſſion of 


leſs or more light, as the circumſtances of viſion may re- 
quire. The cryſtalline is ſuſpended by a muſcle called the 
Proceſſus Ciliares, and ſometimes the Ligamentum Ci- 


8 Hare. The third and inmoſt coat of the eye is the retina; 3 
and is a fine expanſion of the optic nerve, which taking 


its origin in the brain, is inſerted at the bottom of the eye, 
and ſpreads like a network over the inſide of the choro - 
cies The ſeveral coats and ſurfaces of the humours are 
ſo ſituated as to have one ſtraight line, called the axis of 


| the eye, perpendicular to them all. 


2. All the humours of the eye contribute or- 


derly to produce a convergence of the rays. 


3. The image formed on the retina is inverted. 
Though the image is inverted, yet the object appears 
erect, becauſe inverſion i is relative; and therefore ſince the 
images of all objects preſerve their relative poſition on the 

fund of the eye, no inverſion 1s perceived. | Sz 
4. Though there are two images formed, one on 
A ce 
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the retina of each eye, yet objects do not appear 
double. | 
It ſeems that we diſcover the unity of objects, in the 
ſame manner as we diſcover that they are — that is, by 
experience. | | 
5. An object appears fituated in that place, from 
which the rays laſt of all diverge in N to the 
ſpectators eye. | | 
6. The eye is endued with the power Fr varying 
its refractive power. 
7. The power of ſeeing diſtinely at different 
diſtances does not depend on the chryſtalline. | 
This is evident from the experiments made on a perſon 
| who had been couched for a cataract, and by the aſſiſtance 
of the ſame convex lens, applied to that eye, could ſee dit. 


tinctly at different diſtances. 


8. The uſe of the chryſtalline ene to bs to 
correct the ſpherical errors of the eye, and to in- 
creaſe its refractive power. | 

9. The power of ſeeing dittinetly at different 
diſtances does not depend on any change in the 
general form of the globe of the eye. | 

See Phil. Tranſ. 1794, Hunter's Lecture. | 
10. The cornea is made up of laminæ, and is 
| elaflic. 
When ſtretched, it is Re of being e * 


part of its diameter, contracting to its former length in imme- 
E when the expanding force 1 1 removed. 


1 
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11. The power of ſeeing diſtinctly at different 
diſtances depends on the change in the figure of 
the cornea, it being rendered more convex in ſee- 


ing nearer, than in ſeeing more remote objects. 
| This change of figure is rendered manifeſt, by obſerv- 
ing the profile of the cornea with a microſcope. This 
change is effected by the tendons of the four ſtraight muſs 
Eles of the eye, which are continued on to the edge of the 
cornea, and terminate or are inſerted in its external lamina, 
To that its action extends ſo far. | | 
12. The diſtance of objects is judged of by v Vas 
rious circumſtances, which take place in various 
caſes. 


The change of conformation in the cornea is one of tha 
means by which we judge of ſmall diſtances, for this, be- 
ing an animal action, is capable, in conſequence of ha- 
bit, of ſuggeſting to the mind the different diſtances of ob- 
jects. In optical inſtruments, where the images of objects 
are viewed with one eye, this information is probably the 
cauſe which ſuggeſts the diſtance of theſe images; and that 
the eye ſees them in that place whence the rays proceed, 
which enter the eye from the ſeveral parts of the image. 
But this method of eſtimating diſtance will not ſerve us 
much beyond twenty or thirty inches. 2. The inclination 
of the Optic axes of the eyes is another more e wrtain me- 
thod of eſtimating diſtance. This method extendy to about 
five or fix feet; beyond that extent the differenges of the 
optic angles are ſo ſmall as to become inſe; 


this cauſe really operates, appears. from this, that we judge 
| of 
8 | 


* = 
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of diſtance more accurately with doch eyes, than with one 
| only. 3. The length of. the ground plane, or the number 
of intervening objects perceived in it.. Hence an aſcend- 
ing plane appears longer than a level plane of the ſame 
extent. 4. The angle under which an object appears, 
' whoſe magnitude is fuppoſed to be known; or if in mo- 
tion, though not known, the variation of that angle. 5. 
All other things being the ſame, different colours and de- 
groee of brightneſs of objects Tuggeſt a difference of dif- 
- nee” 
13. Theaberration ariſing from the different re- 
_ frangibility of the rays of light on the retina is fo 


ſmall as to be imperceptible. 


Dr. Maſkelyne, in the Philoſophical TranſaCtions for | 
1789, has computed the diameter of the circle of aberration 
upon the retina, and found it to be ,002667 of an inch, 2 
quantity too ſmall to be perceived. „ 
14. The natural defects of fight are either that 
the rays converge behind the retina, or before they 
arrive at it. f | 
Thoſe who kibour under the firſt ſpecies of Sefortive 


1 ſight are called Preſbytz ; z thoſe who labour under the latter 


are called Myopes. 


15. Myopes correct the defect in their Gght by a 
: concave lens; Preſbytæ by a eonvex lens. 
Fig. 25, 26. The radius of curvature of the convex or 
concave lenſes for theſe purpoſes ſhould be equal to the pro- 
duct of the diſtances of diſtinct viſion from the naked | and 
: e * divided by their difference. Thus let LC be the 
| 3 0 „ leaſt 
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"leaſt diſtance with which a long ſighted perſon, or the 
greateſt at which a near-ſ{ighted- perſon can ſee diſtinctly, 
and it be required to find FC the radius or focal length of a 

double convex or double concave lens, which ſhall enable 
him to ſee diſtinctly at the diſtance AC: let F be the prin- 
cipal focus of the lens; then AV: AC: : AC: AL, there- 
fore AF + AC or CF: AC: 46 ＋ AL or LC: AL, that 


- 


5 16. If a perſon can * 8 an 1 diſtin&tly at two 
diſtances whereof one is double the other, an equal 
alteration made in the refractive power of the eye, 
will enable him to ſee the object ens at an 
infinite diſtance, 

Hence a Were perſon can lee vine at t alt dil. 


* 


0 


17. The leaſt Fee. es the pants: 1 a com- 
pound object diſtinctly viſible ſubtend at the eye, 
is about 4 3; and the leaſt angle ſubtended by a 
ſimple black object on a White * Is {vent 253 
at a niecium. e 
To the generality of eyes, the creſt diſtance of diſtinct 
- viſion is about 7 or 8 inches; hence if we take 7 inches for 


that diſtance, and 2 for the leaſt viſible angle, a globular | 
| object, of leſs than about the - wy paſt of an inch, men 


be woe. ' 
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"LECTURE XIV. 


I. Ip a convex lens be expoſed to different radiants, 
not very remote from each other, their images will 
be formed with ſufficient accuracy, but inverted, 
on a ſereen placed in their focus. 

On this principle is conſtructed the camera obſcuts If 
the focal length of the lens be too great, the image will not 
be ſufficiently bright; ; if it be too ſhort, the difference be- 
tween the focal diſtances of the colours will be ſo great as 

W render the picture confuſed, | 

2. If a minute object be placed! in the principal 
focus of a lens of very ſmall focal length, when 
ſeen through the lens, it will e we ang 
diſtin. MR 

This is the Coats i The angle 155 which 

the appears, will be to that which it ſubtends when 
< 420 2 Ee, feen 
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ſeen by the naked eye, as the diſtance at which it is viewed 
by the naked eye e to the principal focal TON of 
the lens. h 
3. A minute object, placed at the diftance of 
half a radius from the ſurface of a very ſmall glaſs 
ſpherule will appear magnified and diſtinct. | 
The magnifying power of ſuch a ſpherule is equal to that 
of a lens, whoſe focal length is equal to a eee 
and an half of the ſpherule. 

If an object be placed a little beyond the prin- 
10 focus of a convex lens, there will he formed a 
large inverted i image in the conjugate focus, and if 
another convex lens be placed at its focal diſtance 
from this image, it will appear very much magni- 
fied and diſtinct. 5 

This is called a compound microſcope; ; the lens Ry 
to the object is called the object-glaſs, and that next the eye 
is called the eye glaſs. In this microſcope, the linear mag 
nifying power is equal to the leaſt diſtance of diftinct viſion. 
multiplied by the diſtance of the image from the object. 
glaſs, divided by the product of the diſtance of the object 
from the object-glaſs into the focal length of the ehe- glaſs. 
Ihe object appears inverted, becauſe the eye looks at an in- 
verted image. The brightneſs of the object is as the area of 
the object glaſs z ; and the field of view as the area of 1 the 
IO all other circumſtances being the ſame. 
A an object be placed between the, principat 
45 and centre of 1 a \ CONCAVE e ſpeculum, there will 
| | 90 5 
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de formed on the other ſide of the centre an en- 
larged image, and if a convex lens be placed at its 
focal length from this i image, it will 1 2 e. 
- fied and diſtinct. | 
| This is called a reflecting microſcope. The angle under 
which the object appears to the naked eye, is to the angle 
under which it appears in this microſeope, as the rectangle 
under the diſtance of the object from the ſpeculum, and the 
focal length of the lens, to the rectangle under the diſtance 
of the image from the ſpeculum, and the leaſt diſtance of 
diſtinct viſion. „„ 5 
6. If a minute, tranſparent object, illuminated 
by the rays of the ſun or a lamp, be placed be- 
fore a ſmall lens, at a little greater diſtance from 
it than the principal focus, the image will be de- 
ſeribed on a ſcreen, placed in the conjugate focus, 
diſtinct and magnified. 


On this principle is conſtrudted the Solar ene 
and Magic Lantern. | | 


LECTURE 


LECTURE N 


1. I a broad convex lens be turned towards a 
very remote object, its image will be formed very 
nearly in the principal focus; and if between the 
image and the object glaſs there be interpoſed a 
concave eye-glaſs, whoſe diſtance from the image 5 
may be equal to its own focal length, the object, 
when ſeen through this combination of lenſes, will 
appear diſtinct and magnified. 1 | 
This is called the Gallilean teleſcope. - Its length i is equal 
to the difference between the focal lengths of the lenſes.- 
Its magnifying power is equal to the focal length of the ob- 
ject-glaſs, divided by that of the eye-glaſs. It ſhews ob- 
jects erect, becauſe the eye-glaſs intercepts the rays before : 
the image is formed by the object-glaſs; and the viſible area 
or field of view is as the magnitude of the pupil of the eye, 


Ly 


and 


* 
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and will alſo be greater, the nearer the eye is to the glaſs, 


_” all other circumſtances being the ſame. 


2. If a broad convex lens be turned towards a A 
very remote object, its image will be formed in the 
principal focus; and if a ſmall convex lens be 
placed at its own focal diſtance from this image, 
the object ſeen through both n will appear 
diſtinct and magnified. l 

This i is called the Aſtronomical 88 Its W is 
; equal to the ſum of the focal lengths of the lenſes. Its 
| magnifying power is equal to the focal length of the object- 
glaſs, divided by that of the eye-glaſs. It ſhews objects 
inverted, which however is not attended with any incon- 
venience in aſtronomical obſervations; ; and the field of 
view is directly as the breadth of the eye-glaſs, and „ 
verſely as the interval between the lenſes. 

The image may be rendered erect by the addition of two 
eye glaſſes more; one of which is placed at twice its focal 
length from the firſt eye-glaſs, and the third or principal 
eye-glaſs at its own focal length from the ſecond image. 
A teleſcope thus conſtructed with four glaſſes is called the 
Terreſtrial Teleſcope. _ The eye glaſſes are generally of the 
ſame focal length, in which caſe it t magnifies as the aſtro- 
nomical teleſcope. 

3. The perfection of dioptric 8 is im- 
peded by the different refrangibility of light, and 
the _—_ yo; of the n : 


4. The 
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4 The imperfe&tion of ne object - glaſs We 


principally from the different refrangibility of light; 


and of the eye - glaſs, from its ſpherical figure. 

5. If the rays iſſuing from a very remote object, 
fall parallel to the axis on a concave ſpeculum, and 
being intercepted by a plane ſpeculum, which forms 

an angle of 45 with the axis, before they come 


to their focus, be reflected to a convex lens, placed 


at its focal length from the i e the e will 
appear diſtinct and magnified. l 

This is the Newtonian teleſcope. Its length is equal to 
the focal length of the ſpeculum. Its magnifying power 


Is equal to the focal length of the ſpeculum divided by the 
focal length of the eye-glaſs. It ſhews objects inverted, 


and the field of view is directly as the linear aperture of 


the eyc-glaſs, and e as the focal os of the _ | 


culum. 


Jame Gregory is 40 pole to have been the 
firſt who conceived the idea of a reflecting teleſcope, of 


which he has given a delineation in his Optica Promota, 
| publiſhed in the year 169 "I But Newton certainly was 


the firſt perſon who demonſtrated both its importance and 
practicability. And even as to the honour of having firſt 


conceived the idea of this excellent inſtrument, Gregory 


muft reſign it to the Jefuit Eſxinard, who appears, fo early 
as the year 1615, to have diſtinctly deſcribed it in his 


Century of Optical Problems. It is alfo to be remarked, 


Gat Gregory e the relecting teleſcope merely to 
55 | | remedy 
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remedy the ſpherical errors of lenſes; but the object- glaſſes 
of teleſcopes are too ſmall a portion of a ſphere to make 


the defects, ariſing from their figure, ſenſible, 
6. If rays from a very remote object fall perpen- 


dicularly on a large concave ſpeculum, perforated 
in the centre, and after forming an image, they 
be reflected back in a contrary direction from a 
ſmall concave, ſo as to form A ſecond image, the 
firſt i image lying between the centre and principal 
focus of the leſſer ſpeculum, the object ſeen through 


a a convex lens, placed at its focal diſtance from 


the OG n will penn diſtinct and _ 
nified. 


This is the Gregorian teleſcope. It sb bee erect, 


becauſe the number of real images is even, Its magnify- 


ing power is as the product of the focal length of the 
great ſpeculum and diſtance of the ſecond image from the 
principal focus of the ſmaller ſpecylum, divided by the 
product of the focal lengths of the ſmaller ſpeculum and 


= eye-glaſs, The field of view is equal to the angle which 


the eye-glaſs placed in the focus of the great ſpeculum ſub- 
tends at the centre, diminiſhed in the ratio of the diſtance 
of the ſecond j image from the OI focus of the ne 
ſpeculum to its focal length. 

The Caſſegrain conſtruction is the ſame with the Gre: ; 


gorian, except in the form and poſition of the ſmall ſpe- 
culum, which is convex, inſtead of being concave z and 


ls plaged before the principal focus of the great concave, 
e | 1 
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not behind it, as in the Gregorian, The principal objection 
to this conſtruction conſiſts in the difficulty of giving the 
true form to the ſmall ſpeculum. For in the Gregorian, 
the great ſpeculum ought to be parabolic and the little ſpe- 
culum elliptic : in the Caſſegrain the great ſpeculum ought 
alſo to be parabolic, but the little ſpeculum hyperbolic. 
Now in grinding all forts of concave ſpeculums and lenſes, 
it is found by experience, that they vary from the ſpheri- 
cal to the parabolic form, or even go beyond it; and that 
all convex furfaces vary from the ſpherical form towards 
that of an oblate ſpheroid, next to one of its poles. Hence - 
the variations from the ſpherical form, which ariſe from the 
manner of working them, in both ſpeculums of the Gre- 
gorian teleſcope, lie the right way to correct the errors: but 

in the little ſpeculum of the Caſſegrain form, they lie the 
wrong way, and tend to ee inſtead of mne or 


| correcting them. 


7. In teleſcopes of the Nate length, the mag- 


nifying power of a reflector is much e 5 
mou of a refractor. 


t 
2 # 3 
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7 IF the ſine of incidence be to the fine of refracs 
tion of the rays of mean refrangibility, paſſing out 
of air into any; medium, as m: 1; of the violet 
rays as m + m:1; and of the red, as m—m: 1; 
the quantity m, being conſtant in the ſame me- 
dium, is aſſumed as a meaſure of the diſũpating 


POWer. 


Thus the fine of inchience ig , the fue of G in 
the rays of mean refrangibility, paſſing out 1 air into 


common glaſs, as =; I; in the red 5 as I; and 
in the violet as © 2213 | wherefore putting - — m, we 
have IS: = Ti mz and m = IST! 


1 the fine of incidence of red rays, paſſing out of air 
| Into flint glaſs, be to the fine of refraction as 1,565 to 13 
3D 2 1 | of 
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of the violet as 1, 595 to 1; 5 the ratio 4 reftaction in the 


rays of mean refrangibility is as 1,583 to 1; if „ 1,58, 
1 he BE. and the ratio of the PE powers of flint 


and common glaſs will be as 288 18 Of a8 3: 2 


10 0 


2. If a ray of ſolar light be refracted by one | 


ſurface of a refracting medium, let : = the tan- 


gent of refraction of the rays of mean refrangibi- 
hty, : 1 the ratio of refraction of the ſame rays, 
n the meaſure of the diſfipating power ; then will 
the angle of diſperfion be ſubtended WA an arc = 
2mt 


mM 
Fig. 27. For let F be the ineident and OR the re- 


5 radius being = 7. 


| fracted ray; m: 1:: coſ. p: col. 3, therefore m col. g. = 


col. p, where 7 nd m are variable, and p conſtant; there- 


Fane m ; cof. 2 — mg 1 as o; and 2 e fe and 9 


n coſ. EC mt ö where q denotes the variation of the an- | 
m 


gle'qz and as this is equal on both fides of the mean ra * 


on one fide * the red, and on the they wy the violet, the 


whole diſperſion will be equal to __ | 


Thus if a ſolar ray impinge. on a 797" of common 
glaſs at ant. angle of incidence = 209; then will the angle 
of refraction of the rays _ wean refrangibility = ra 44 52/, 


2 _ 23 88 . and m = = D therefore the Sad - 


© op 5, 
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2 tang. 129 44, 52% 
100 X 1,55 
dee Euler's Dioptrics, and Atwood's Analyſis. = 

3. The powers of diſſipation and refraction of 
different refracting ſubſtances may. be thus deter- 
mined ; ſuppoſe a ſolar ray to paſs through a priſm, 
the refracting and diſſipating powers of which are 
required, impinging perpendicularly on the firſt 
ſurface; let the angle of diſſipation, and the angle 
of refraction of the middle rays be accurately mea- 
ſured, and let 4 = the meaſure of the angle of 
diſſipation, . = the tangent of refraction, radius 
being = 15 the e of incidence on the ſecond 
ſurface will be = the refracting angle of the priſm, 
and the ratio of refraction is determined by mea- 
furement ; if this be as»: 1, then the meaſure of 


the difhpating power „ . 


8 — 10 / JW, radius being 1. 


2t 


Ford . wan and therefore ==. 
a OE: 


If a ray of FER light be refracted es 
de inclined to each other, as are the 
ſides of a priſm, whoſe refracting angle is a; and 
if the complement of the angle of refraction at 
the firſt ſurface be 9, and the complement of the 
angle of refraction at the ſecond ſurface = 7, then 
| will the angle of difipation, at Ry the violet 

e and 


— > rn em en er SD 3 


the firſt e mg = =_ 
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and red rays are inclined to each other, after re- 


fraction at the ſecond furface, be = - 2m fin. a 


n. q * fin. r 
Fig. 28. For if 5 be the 1 af the angle of in- 


cidence on the firſt ſurface, then m: 1 : : col. p: col. , 


and therefore m coſ. 4. = col. p. and 1:m:: col. 7— 


: Col. r, and therefore m coſ. q—a — cofirs in which equa- 
tions, 9, 7, and m are variable, and p and à conſtant ; then tak- 


ing the fluxions of theſe equations, m col. 3 mq fin 8 


o, and m coſ. 7 — 4 — mq fin q—a = —r fin. 7. From 


m coſ. 7. 


ſin. q 


. . fin. 7 
a nf 2.x 1 = 12 


5 and from the ſecond 1 


— 7 fn. F. But fin, 


2 * col. 1 — col. q X fin. q—a = fin. 2 —g—a= 


fin. az therefore 5 png =—r - fin r,and r= = 7 


where r denotes the variation of the ge r. And the 


whole Dn, when m — 1 is ſubſtituted. for the red 


rays, ani m + 2 Jo the violet, will be = WW 2 fn. 


in. & ſin. 7. 
Thus, if a folar ray impinge on a flint priſm, whoſe re- 
fracting angle is 19%, at an angle of incidence = 16 
31“ 4, it will 2 980 at an angle of refraction 50 48 
18”; here m = + 25, and therefore the * of e 


| n. 19 
188548 TY AT. ebe 50⁰ 15 18 


= 54, radius being = I. 


after emergence = 


In 
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In like manner, if a ray of ſolar light be refracted through 
a priſm of common glaſs, whoſe refracting angle is 300, 


when the rays of mean refrangibility paſs parallel to the 


— 


7s the angle of refraction at the firſt ſurface 150 or 
half the vertical angle of the priſm, and the angle of re- 
fraction at emergence = 23 39 5% therefore the angle 


3 i; e SE 
| " es 0 arg 100Xcol. 159 Xcol. 230 39.5 © 35 


5 baſe, the angle of diſſipation will be 39“, for here n 3 


"u 


IT. | | 
If the rays fall perpendicularly on the firſt ſurface, the coſ. 
of refraction at the firſt ſurface = 1, and the angle of refrac- 
tion at emergence — 50? 48' 18” , therefore the angle of diſſi- 

3 ſin. 30% + | 
Ioo X col. 509 48 Tam . 


3 = 


5. Two priſms made of different kinds of glaſs 
may have their refracting angles ſo adjuſted, that 
when the refracting angle of one is applied to the 
baſe of the other, a ray of light paſſing through 

them ſhall have its incident and emergent parts 
parallel, and the emergent part ſhall be coloured. 

This arifes from the difference between the diſperſive 
and refractive powers in different kinds of glaſs, Thus if 
the vertex of a flint glaſs priſm, the refracting angle of 
which i is 230 40, be applied to the baſe of a common glaſs 
priſm, the refracting angle of which = 250 „a ray of ſolar 
light will paſs directly through the priſms, when their ſur- 
faces are contiguous, but the emergent ray will be colour- 


ed. The emergent wy is parallel to the incident ray, be- 


_ cauſe 


— 1 SER —ů—ů—— nee ³ — 
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cauſe in the given circumſtances, the mean refractive powers 


are equal and contrary; but it is coloured, becauſe in the 
ſame circumſtances, the diſperſive powers are unequal, , 
6. Twopriſms may be applied as before, and the 
emergent ray ſhall be free from colour, but not __ 
rallel to the incident ray. | 
For as the mean refractions may be * and contrary, 


and the diſperſions unequal, ſo the diſperſions may be equal 
and contrary, and the mean refractions unequal. | 
Thus if the vertex of a common glaſs priſm, whoſe re- 


fraQting angle is 30®, be applied contiguous to the baſe of 
2 priſm of flint glaſs, the refracting angle of which is = 


199. a ſolar ray being refracted through them will deviate 


from tlie courſe of the incident ray, but Ow mot be fe» | 


| parated into the coloured rays. 


7. Three priſms of different kinds of glaſs may 
have their refracting angles ſo adjuſted, that when 


the refracting angle of the intermediate priſm ! is ap- 


plied contiguous to the baſes of the two extreme 
ones, a ſolar ray being refracted through them ſhall 
emerge colourleſs, and yet deviate irom the courſe 
of the incident ray. | ö 

Thus if the vertex of a flint al priſm, whoſe ige | 
ting angle i is 2 3? 40' be applied contiguous to the baſes of 
two priſms of common glaſs whoſe refracting angles are 
reſpectively 25. and 109, a ray of ſolar light paſſing through 
the three priſms, and emerging at an angle of 162 57 will 
deviate about 15 37 from the courſe of the incident rays 


and 


* 
, 
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and will be colourleſs. For the two common glaſs priſms 
refracting the ray in the ſame direction, would cauſe it to 
deviate from the courſe of the incident ray, about 5 37 
more than the deviation in the contrary direction ariſing 
from refraction through the flint priſm ; but the latter by 
its greater diſſipating power, exactly counteracts the ſe- 
paration of the rays occaſioned by refraction 1 the 
other two priſms. 8 „ 

8. The refracting and diſſipating powers of two 
lenſes, one convex of common glaſs, the other 
plano-concave or concavo-convex of white flint, 
being given, the radii of the ſurfaces may be ſo 
adjuſted to each other, that the extreme, princi- | 
pal, and intermediate images ſhall coincide. 

The two lenſes muſt act on the rays of light in the 

fame. manner as two achromatic priſms, and therefore their 
refractions muſt be made i in contrary directions, that i is, the 
one muſt be convex, . and the other concave ; and as the Trays 
are to converge. to a real focus, the exceſs of refraction muſt 
be i in the convex lens. Farther, as the convex lens is 
to refract moſt, it muſt be made of crown glaſs, whoſe 
refractive power, in equal diſperſions, is greater” than that 
of flint. For in equal refractions, the diſperſive power of 
flint glaſs is to that of crown, as 3 to 2; and the fine of 
incidence is to that of refraction, of the mean rays, in 
flint. glafs, as 15583 to 1; and in crown glaſs, as 1553 to 
1 ; the diſperſive power therefore of flint glaſs exceeds that 
of erown glaſs, in a greater ratio than its mean refraction 
exceeds tiiẽ mean refraction of crown glaſs; and therefore 
when its diſperſion is equal to that of crown glaſs, its re- 
3 E | fraction 


— 


bei. 32 1 
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fraction will be leſs. A compound lens thus e 
is called the double object glaſs. | 


9. The aberration ariſing from the ſpherical ki 
gure of the lens is not entirely corrected in i the 
W object glaſs. ö 

. An object glaſs 1 may be compounded of three | 
Fe whereof two are double convex, made of 
common . glaſs, encloſing a double concave of flint 
glaſs, ſo that the extreme and principal i images of 


objects formed by it ſhall coincide. 
In the double object glaſs the refraction of to convex 
lens being greater than that of the concave, the aberration 


ariſing from its ſpherial figure is alſo greater than that of 


the concave ; but in the triple object glaſs, the refraction of 
the common glaſs being equally divided between two lenſes, 
the whole aberration of the corivex lens is ſo far er con 


45 to become equal to that of the ſingle concave lens. 


11. The refracting and diffipating powers of the 
three lenſes which contiitulg the triple 725 glaſs 
ruſted, & may ck ths, that the en Realty 
and intermediate images of objects formed 9955 *. 
ſhalt be diſtinct and colqutleſ. 5, oh * 

The triple object glaſs eorrec̃ts the een of Fig 2 


; on the ſame principle. with the three achromatic priſms; 
and at the ſame time the aberration ariſing from the ſpheri- 
cal figure is wholly removed. Object glaſſes thus conſtructs 
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ed are called perfeet lenſes. But the double objec-glaſs 


ſeems preferable, as ſo much more light is loſt in the r 
object glaſs at the two additional ſurfaces. | + 
12. Teleſcopes conſtrufted with achromatic ah 

nts are better than reflecting teleſcopes. 
More light is loſt by reflection than by refraction through 

2 A a triple object glaſs, and any error 1n the figure produces ſix 
times a greater effect in reflection than refraction; hence 


the image ſormed by r S is not fo Ln and ſharp nn 


as by refraction, | 

13. The indiftinneſs of the image ſeen cha 
a teleſcope, occaſioned by the diſperſion at the ob- 
ject glaſs, is the ſame in every part of the field; 


but that which is occaſioned by the eye-glaſs is dif- 


ferent according to the part of the field in which 
it is ſeen. 

The pencils which iſſue from each point of he object 
are diffuſed over the whole obje& glaſs, and therefore the 
diſperſion of the image of every point of the object is the 
ſame, in whatever part of the field it may be. But the 
pencils which iſſue from the image formed in the focus of 


- the object glaſs are not diffuſed over the entire eye-glaſs, 
each pencil falling nearer to the verge of the eye-glaſs, the 


farther it is from the centre of the image, Hence alſo it 
is, that varying the aperture of the eye-glaſs varies the 
field, whereas varying the aperture of the object glaſs does 
not. e „ 


3 E 2 14. If 
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| 14. If the plane ſide of a plano-convex eye-glaſs 
| — bp jor: nean 1 age lernte 5 


; 1 — woes 'eye- 
3H 15. The errors ariſing fror wee Ul 

OO ®theeye/glaſs may be corrected! x By inereaſing the 
| number of eye-glaiſes,” 2. By giving the glaſſes, el. 


= pecially thoſe which A ming the 


form 
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Thus, tabe à glaſß tube an inch/and an half in Gainete?, 
and about three feet long; rub this tube, from one end to 
the other, with A piece of dry ilk, and it will exhibit Elec- | 
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The pg: of electrical PRE 3 is a 
W | 

For it generates ſound in its . from: one body to 
another, produces light, heats and even melts metals, ge- 
nerates a phoſphoric ſmell ; excites pain &c ; it is therefore 


poſſeſſed of Properties, and i is conſequently. a body. 


Js; The "cauſe of electrical Phanomena is a 


fluid. | e b 


— 


For when a quantity of dlearic matter is communicated 
to a body, every part of which is equally capable of re- 
ceiving it, it diffuſes itſelf <qually throughout that body. 

Thus if a body be placed on an electric ſtand and com- 
municate with the prime conductor, every part of it will 


. equally-exhibit electrical phznomena. 


4. The electric fluid is atttacted by all bodies, 
but by different bodies in different degrees. 

This follows from its being a body. N 

5 me e fluid appears to be 1 
OUS. 

Firſt, in general, in combuſtion the preſence of oxygen 
is neceffary ; but in the cleric diſcharge;" light and heat 
are both extricated without the aid of oxygen; for when 
the diſcharge is made in oxygen air; the air ſuffers no 


) change either in bulk or quality, but ſolely in an increafe 
of temperature; alſo, the electrie diſcharge can be made in 
fixed air, or in perfect azotic gas; conſequently the light and 


heat, manifeſted in the electric diſcharge, are extricated 
from the electric fluid; therefore ſince the capacity « of the 


electric 
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electric fluid for retaining light and heat is in this caſe dimis 
niſhed, this effect muſt proceed from the union of diffe- 
rent gaſes, whoſe capaeity for retaining light and heat, when 
_ . they are combined together, is leſs than when they are ſe- 
parate: | This is agreeable to an experiment, mentioned by 
Mr. Kirwan, which was made in Holland: filings of cop= 
per, mixed with ſulphur, were put into a ſmall glaſs vial, _ 
out of which the common air was, in ſome caſes, exhauſt _ 
ed, and in others the vial was filled up either with fixed 
or mephitic air; it was then heated over burning coals; 
upon which the mixture ſwelled, ſome ſulphur ſublimed, 
and the metal became red hot, and, in ſome caſes, even 
with inflammation ; on which Mr. Kirwan makes the fol- 
lowing obſervations, 25 Inn theſe circumſtances, I think,” 
ſays he, (c the ignition proceeded from the exceſs of the ſpe- 
„ eific heat of the ſulphur and copper before their union, 
« over that retained by them after their combination.“ See 
Miner. vol. 2. p. 509. When the electric diſcharge is made 
in atmoſpheric air, there follows a conſiderable diminution 
of bulk; but this does not ariſe from the abſorption of any 
element of atmoſpheric air by the elecxric fluid; but by the 
union which is formed, by means of the increaſed tempe- 
rature, between the baſes of oxygen and azotic gas; whence 
true nitre is formed, as appears from the experiments of | 
Mr. Cavendiſh. After the eleQtic diſcharge has been of- 
ten made in atmoſpheric air, it is true that the refiduum 
is highly noxious ;+ but this does not ariſe from any carbon 
extricated in the electric combuſtion, nor from any abſorp- ; 
tion of ae by ag electric fluid; * merely from the 


. —— — 
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generation jon of the nitrous acid, in which oxygen and azot 


are mixed in the ratio of 5 to 3; ſo that the oxygen being 
diminiſhed in ſo much an higher proportion than the azot, 
the azot, towards the end of the experiment, becomes very 
predeminant. 2. The electric ſpark taken in any kind of 
oil, produces eee air. Now oil conſiſts of hydro- 


gen, carbon, and oxygen, without de intervention of ca- 
loric to bring the hydrogen and oxygen into the Rate of pas. 


See Lav; p. 166; it is therefore probable, that the electric 
fluid parts witli caloric in the diſcharge, which uniting with 
the hydrogen forms inflammable air. 3. In excitation, a 
phoſphoric ſmell is produced; which is probably cauſed by 
ſome of the volatile particles which eſcape undecompoſed, 
in the ſeparation of the two gaſes, of which the electric 
fluid conſiſts. 4. Inflammable air is fired by the electric 
diſcharge. 5. Metals are, made red hot, and even melted. 
6. Metals are oxygenated by the diſcharge; but they diſ- 
oxygenate the air in conſequence of their temperature bein g 
increaſed; the increaſe of temperature therefore is previous 
to the extrication of calotic from it, and therefore the me- 
tals muſt be heated mn the en W from cond elec- 
trie id.. 00) 4 e rel er Gin bie, 
6. The electric guid is erde from tlie earth. 
For if the communication of the electric machitie with 
FRY earth be cut off by placing it on dee i 75 
e to exhibit electrical appearance. 
7. The electric fluid is comprefſible. dach 4 
Let a metallic cup be placed on an electric ſtand; lay i in 
the 58 pretty long metallic — having 3 a filk thread | 
tied 


8 A = Pp 28 
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the to one end; from the. handle of. 1 cup ) ſuſpend a 
cork ball electrometer; then electrify the cup, and the balls | 
of the electrometer will diverge. If in this fituation, ne 
end of the chain be raiſed up above the cup, by the blk 
© thread, while the other end remains in it, the balls of the . 
| electrometer will cohverge a little, and more in proportion 
as the chain i is raiſed higher; ; which proves that the electric 
matter i is more denſe, when theſe bodies are in a ee 
chan when in a more extended fer 85 RE, 
On this principle ; is conſtructed che electrical e | | 
The contrary of this article is maintained by M. Marat; 
| ſee his Recherches ſur YElecricits, P 3 $—493 but Van 
Swinden does not think that his e ec N the 
poſition here laid down. 
8. The energy of electric action varies in ſome 
inverſe ratio of the rarity of the electric matter. 


9. The energy of electrified bodies is * | 
to their ſurfaces, not ſolid contents. os 
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* let ABCD be the clerified boy,” and 4 the i 
| face through which the attraction of the body on che elec- 7 
tric. matter acts; any particle of the electric matter at 8 
> or below it, will have equal attractive forces above and . 
below! it, which therefore deſtroy each other's effects. The | 
/ force of the body therefore on the electric fluid within 


1 on ol 


wore proportional to the. me plate. Toles 0 ni of 


Fo thin electric plates. 


* eee 


ond alſo Van Swinden's Mem 
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the body, is proportional to the plate 4h of a ben a 


8 e that is, proportional to the ſurface of the body. 


The force of the body on the external electric Avid i is alſs 


—_ $ 
* A. 7 


Electrified bodies manifeſt their” e 


12 
nn 1:2 f #Þ 5 


It The electric fuid 00 ie are : the 


. fame ſubſtance. 5 


„ Tbe Aurora Borealis is not an elected 
Por the l ite j is not e 4 it. 8 cane, 
. vol. * | 


| between the electric 


13. There is an ana 0 


matter and heat. Fn 


For, 1. They are both ns iy Grating, 47 „ The | belt 


0 conductors of electricity are alſo i in general che beſt conduc- | 


tors of heat. 3. The electric matter 18 luminous. 4. It 


| produces inflammation. 5. Fire promotes vegetation 3 ſo 
| does electricity. See Adams's Elect. p. 495. | 


14. The cle&ric matter and heat are different. 
For, 1. Some good conductors of electricity, as water, 


15 are bad conductors of heat. 2. The electric matter has 5 
. always the ſame odour, Whatever may be che nature of che | 
electrified'body ; not ſo ih common fire. 3. The elec- 

. tric, matter penetrates the denſeſt bodies almoſt inſtantane- 


ouſly ; 3 fire flowly. 4. Metallic ſubſtances equally fuſible 


x { # 


| by « electricity, are not. ſo by fire; 3 and iron which i is leſs fu- 
8 fible by fire chan gold, is much more ſo 55 che clectrical e ex- 


4112 


Ploſion, „ 85 


oe cdi. | 


' 
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'T $61 The Jawa fui 4 4 or e 
ſome bodies with great facility, ene others 
flouly. and with great difficult. 
This is agreeable to the analogy of heat or caloric, The 
former claſs of bodies are called conductors; the latter non- 
conductors. - Thus the electric fluid of the prime condue- 
tor may be communicated to another body by means of a 
eee ene be . be d e Mats, keine 
claſs of bodies are alſo called electrics, becauſe they ars 

capable of exhibiting electrical phænomena; the. former, 
on the contrary, are called non-electrics. An electrie 

hen in a ſtate of exhibiting electrical phznomena is ſaid 
to be excited. When it communicates this. wee e A 
conductor, the latter. is ſaid to be electrified, .. 1201 Te 

16. ng ſubſtances are been in a different 
Apis ee e 2 

Thus the electric fluid will er more «rai over a mes. 
tal rod, than one of wood. 5 i 

Though all bodies are en pion pk non» - 
conductors, nevertheleſs, in accuracy, perhaps there is no 
ſuch thing in exiſtence as a perfect conductor or non· con · 
duo: there is an infinity of gradations ; and it is, pro- 
perly ſpeaking, by. the quantities that prevail, and which 
prevail i in a conſiderable degree, that bodies are. ae in 
Mee fn as wal as all others. i in Natural Philoſopliy. os 
or ASM en: Glas 5 


: 
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"oy Glaſs i is not abſolutely a non 3 

This appears from the e diſcharge, * other 
experiments. | 

18. Glaſs is not abſolutly impervious- to the 
| "Site fluid. | | „ 
Becauſe it is not | abſolutely a „essen inst a violent 
charge will indeed break it; but a weak charge, if concen- 
| trated in a point, may be tranſmitted through it, without | 
breaking it. The like happens with reſpect to conduQtors 
alſo, a charge of a certain magnitude may be tranſmitted 
through them without Ae but 1 it may n ſo 8 
to rend the conductor in pieces. 

_ Air rarefied to a certain a degre is a a conduc- 


tor? 


Mr. Ader who has made e IRE EY | 1 
on the non- conducting power of a perfect vacuum, obſerves, 
that chere ſeems to be a limit in the rarefaction of air, which | 
ſets bounds-to its conducting power 3 ; or, that the particles 
of air may be ſo far ſeparated frõm. each other, as no long- 
er to be able ta tranſmit the electric fluid; that if they are 
brought within a certain diſtance of each other, their con- 
ducting power begins, and continually increaſes, till their 

approach alſo arrives at its limit, when the particles on the 
other hand, become ſo near as to reſiſt the paſſage of the 

; fluid entirely, unleſs. by violence, which is the caſe in com- 

mon and condenſed air. Adams p. 318. 
20. Good conductors, as metals, are rendered 
. works, 2 nol-colductery, © as glaſs. and reſin, - -are 


5 rendered, 


| ee „ 


. rendered, in ſome degree, eee by legs 


riſation. ee ee OTA BEER (131.8 
\ 'Becaufe the conſtituent A of the body are not in 


contact after pulveriſation; and therefore a plate of air "98, 
| interpoſed between the adj; acent particles; but air is a worſe . 


- conductor than ne and a better ene than i: on ; 


— 


or reſin. | | ; | 
21. The conducting quality f all bodies 4 


to depend on their degree. of diſoxygenation. P 


Thus metals and charcoal, while diſoxygenated, conduct; 
when oxygenated they do not. 1 may perhaps ſeem con- 
trary to this hypotheſis of Dr. Prieſtly, that acids are good 


- conductors : but we are to obſerve that their ſubſtances are 
not ſaturated with oxygen; on the contrary they vary ſtill 


a very great affinity for that element. 
Perhaps the conducting or non-conducting quality of bo- 


dies depends on the leſs or greater attractive force with 


which the electric matter is held by the conſtituent particles 
of the body; and that heat diminiſhes this attractive force 
and thus renders, thoſe bodies / conductors,” which before 

were not ſuch. See Morgan 8 Lectures on Electrieity, Vol. | 


| oy p- 176. 2287455 


22. N „ aahdane are e con- 8 


ductors by being ſufficiently heated ; and conduc- 


tors, by being enen n. ene non 
conductors. | = | 
This: is conformable io the lat i ante, for a an  inflamma- 

> OS Cat 


a6 © Kiens E 


ble body by Et heated has its attraction for oxygen. in- 
creaſed, Lavoiſier, p. 2 56. Alſo metals become worſe conduc- 
tors by having the electric diſcharge frequently made through 
them, becauſe they, become more oxygenated... Adams p. 

276. The degree of temperature at which diſſerent bodies 
: become conductors is probably different, for the ſame reaſon 


that they are combuſtible, or become capable of diſoxyge= 


nating. the air at different temperatures. Thus charcoal 
which condu&ts electricity at the common temperature, is 
alſo combuſtible at the ſame temperature; ; whereas 1 the dia- 


mond, which does not conduct, requires 2 very great heat | 


for combuſtion, and moſt probably. juſt previous, to com- 
buſtion becomes a conductor. = I OLE PIKE 


* 


2 235 Ti he electric matter always requires a con- 


ä ductor to enable it to paſs from one cy to ano - 


ther. C171... I a acer 
For it cannot be tranſmitted. PG e a | Torricallian vacu⸗ 
See Nicholſon's Nat, Phil. vol. 2. p. 318. 


. The electric matter is communicated rather 
along the ſurface. a a e how eee its 
eee ee 5 

For the conducting e as battles bers to 3 


on the degree of force With which they attract the 'elec- 


tric matter, . (ſee Art. 21.) now the particles of the body 5 
which by their attraction can generate motion in che elec+ 


tric fluid, are thoſe ſuperficial particles only whoſe depth 


Une 5 


— 


within the body is equal to the indefinitely little ace 5 


through which the attractive force enden ; 
| And 


rrrerkterrr. ws 


And Ges the conducting power of bodies i is not di- 
miniſhed, when they are coated with. a non-conducting 
ſubſtance 3 ; yet it is probable, that this coating is not abſo- 
 lutely in contact with the conductor. Nevertheleſs, it is 
not to be doubted, but that where « great quantity of elec- 
tricity is made to paſs along a very ſmall wire, it will enter 
the ſubſtance of the meal. 2 e vol. 1. Page ; 
330. 5 885 ö 
25. IH an cleotrified | body ” Gas 70 per- 
18 non-conductors, its de wil be Porn | 
nent. e ee 1 
A body Wie ended 5 is nid to aig inſulated. As 
the air is not a perfect electric, electrified or excited bodies, 
though ſupported on non-cond uctors, will continually im- 
part ſome of their electricity to, the air, or to the conduc- 
ting particles which float in it; all at 1 they RCs loſe 


their power. 1955 : 


Of Excitation. FT | 5 


26. Bodies by: i contact with thirds" ave: 
that natural capacity for retaining certain elements 
of the electric fluid in ſome caſes increaſed; and 
for retaining the others, at the ſame time, dimi- | 

diſhed, and therefore decompoſe the fluid. Oe 
| This! is agreeable to the analogy of many chemical facts. 

Mr. Adams tele de, p. 255 of bis Teri, that mar- 

ble 


Fd 
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ble or . yarnithed ao heal by merely laying a coil ö 
plate on them, or marble well poliſhed and heated, though 
not varniſhed, on which a metal Plate is ae, e Will 
exhibit ſigns of electricity. 

27. The electric e the FIR kind from 
to repel each other; and to attract thoſe which are 
of. a different kind with very great force. | 
; Becauſe though when ſeparated, they manifeſt a very 
powerful energy, by which they endeavour to unite yet 
when united, they diſcover no perceptible a 
That the electric fluid ſhould be compoſed of two k. 
ferent elaſtic fluids or gaſes is agreeable to chemical analo- 
gy ;. thus atmoſpheric or. common air.is compoſed of reſ- 
pirable * airy whoſe: baſe is oxygen, and of mephitic air, | 
whoſe baſe is azot; and though the particles of reſpirable 
air repel. each. other, as do thoſe of mephitic air, yet is 
there a ſtrong attraction between theſe two different Hogs. 

of air. See Lavoiſier's Elements, p- 84. 
28. Exeitation conſiſts in the decompoſition of 


the electric fluid. | | | 
5 The means by which this eee HI is produced are 
various, being either ſimple contact, mixture, friction, 
evaporation, &c. The electric fluid, in experiments, is 
generally decompoſed by a cylinder and - cuſhion, and againſt | 
the cylinder i 1s placed, on ſome non-conducting ſubſtance, 
a metallic eylinder, called the prime conductor: the cylin- 
der by its cloſe contact with the cuſhion. has its attraction 
for certain elements of the electric fluid increaſed, while 


| at the fame time its attraction for the other elements of it is 
i diminiſhed; 
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diminiſhed; it extracts therefore from the cuſhion, while 
in contact with it, a portion of theſe elements z and com- 
mmniecates to the cuſhion an equal quantity of the ele- 
ments of a different kind; but being quickly: withdrawn 
3 from this contact, by the revolution of the machine, this 
5 ſuperabundant 1 matter will lie diſengaged: on the ſurface of 
dhe glaſs, and meeting with the points of the prime con- 
ductor will, from the nature of a conducting» ſubſtance, 
quickly diffuſe itſelf over it; and at the ſame time the 
_ cylinder will attract from the prime conductor an equal 
7 quantity of the elements of a different kind, ſo as to re- 
cover its natural ſtate, and be ready for a freſh operation. 

29. Non- conductors alone are capable of exci- 
tation. 5 
- Becauſe | by 1 not tranſmitting or tranſmitting very | fowly 
the electric matter, they ar are capable of exhibiting bens of 

electricity. Pe 1 

30. If there be a conductor on one fide of a thin 
electric plate, it cannot be excited. : 

Boranſe the fuperabundant electric. matter of one kind, 
expels from the other fide, by means of the conductor, an 
equal quantity of che ſame kind, and attracts that of a dif- 
ferent kind; ; and theſe different kinds of electric matter, 
ſtrongly attracting each other r through. the electric e 
become firmly attached to it. eee 

On this principle, a glaſs veſſel, out of which the air 
had been exhauſted, on being rubbed ſhewed no ſigns of elec- 
tricity on its external ſurface ; becauſe the exhauſtion was 
| ovens imperfect; and therefore the attenuated air be- 
e 3G 1 „ "One 


a erzergrerrri 


came a l See Art: 19. It has alſo been Atteste, 
that if the air in the veſſel be condenſed, it cannot be ex- 
eited; but this has been refuted: by Beccaria, who has 
ſhewn, that when the condenſation is effected by the preſ- 
ſfure of mercury, there is a ready excitation; not ſo when 
it is effected by a piſton moiſtened with water or oil, which 
intermixes à conducting ſubſtance with the air. It is 
n 1 that CET eee ge 
31. eee W 'on one . N r 
ſurface be excited, without diffuſing the ſame _ 
of electricity to the reſt of their ſubſtance.” . 
t 32. If a conductor, inſulated and electrified, 


be touched by a perfect conductor, which com- 
municates with the earth, | it will loſe al its elec- 


= =" 1 
. 


Becauſe the electricity belonging to the "whale of he 
electrified conductor is cafily conducted through its own 
fubſance, | to that t part ! is touched be bog mo other con- 
ductor. 3 


Hence the electricity diſcharged from an electrified con 
ductor | is much more powerful t than from an electric. If 
33. bin a glaſs cylinder made very dry, be rubbed 
with a piece of ſilk, it will decompoſe the electric 
fluid, and accumulate on the prime conductor that 
electric gas which is called vitreous electricity. 
is otherwiſe called Poſitive electricity, according to 

the ſtem. of Doctor Franklin: and che other gas is called 


HED 
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| Reſinous electricity; or OY 8 ee to 


in nnn i 
34. If a piece of ſealing wax veiled: WV 2 


' woollen cloth, its capacity for retaining the ne 


e will be increaſed. eee lt” s 


For if one pith-ball be electrified with exeited "glaſs, 


and another with excited wax, they will mutually attract 


each other; but if boch be electrified with wax, or both 
with glaſs, they will repel each other; the electricity 
therefore of glaſs is different from that of wax. This dif- 
ference was, at firſt, ſuppoſed to depend on the nature of 
the electric; and that one was the conſtant production of 


_ glaſs, and the other of wax, and ſuch like ſubſtances. 
| Howes the former Was called Vitreous, and the latter Re- 


5 eicher of glaſs or ſcaling wax, 


3s no ſuch repulſion. 


„ 


finous, elecricity,. But it was afterwards diſcovered, that 
each e of, theſe power 8 might be produced by. the excitation 


” TH tx 4-4 


635 Two bodies dees vente repel each 


7 DT 
This 3 depends on their for ima racum ther | 
The electrie matter of an clefriged 1 ae to 2 

very ſmall diſtance from the ſurface; and therefore in a 

vacuum muſt be inſenible, But in the air, the electrified 


which a Are * to aa and theſe the electricity of the ; 


dent, and ſo. on, the diſturbance is propagated through all 
V the 


„ 
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the intermediate air, and thus the pith-balls appear to act 


at a ſenſible diſtance. But in this caſe, the electricity does 
nat paſs from either hody into the air; and therefore after 
exhauſtion, if the air be XY 4 itt Pets anon 


again be manifeſt. 


4 ! 


36. Tus bodjex eee negatiyely repel ca | 


| 
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ſingle homogeneous fluid. 111 1 4 
37. If one ene be negatively awd : 
een they will attract each other. 
38. If one body be electrified poſitively or- ak : 


gatively, and another be in its natural late, they 


will' neither attract nor or repel each other. 


EL T3 Þ 


trified body A the negative electricity of ae ber 


which is in its natural ſtate, juſt as much as it repels 
the poſitive part. And the like argument holds when the 


12 3 


Oo is electrified negatively. 
This phenomenon appears inexplicable on i the mrs. 


v z 


of a ſingle homogeneous fluid. til 
39. The ſpecies of electricity may be  dſenerd 

vp electric attraction and repulſion. i | 

wy Hang on the eleftrified body two light” pith-balls,” ſuf- 


pended by thread; 3 ; they will diverge with the electricity of 5 
the body; bring a piece of excited ſealing Wax gradually 
near them, if the balls ſeparate fürther, on the approach 


105 the wax, 1225 are Fey eleftrified, or the electri- 
[© . i | | _ city 
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Lity is of the fame nature with that of wax : if, on the 
other hand, they come nearer together, the ne is 
poſitive, or contrary to that of wax. | 

40. The hypotheſis of Doctor Franklin 18, that 


the electric fluid is homogeneous ; that a body is 


electrified poſitively or negatively, according as it 
has more or leſs than its natural portion of this 


fluid; and that all electrical phenomena ariſe from 


the reſtoration of this diſturbed equilibrium. 


AIhis hypotheſis ſeems to be inadequate; for, in the elec- 


tric diſcharge, light and heat are both extricated from the 


electric matter, which cannot be accounted for by the ſim- 


| me current of an homogeneous fluid. 5 
41. The hypotheſis of Mr, Eeles is, | that there 
are two electric fluids, which have a ſtrong chemical 
affinity for each other, at the ſame time that the 
particles of each are ſtrongly repulſive of one an- 
other; and that all electrical phænomena ariſe from 
the ſeparation and re- union of theſe fluids. 


This hypotheſis of Mr. Eeles appears to be well founded; 


hut he ſeems to have conſidered merely a double current of 
electric matter, without any ſuppoſition of the chemical 
action of theſe different gaſes on each other. It is there- 
Fire equally inadequate with Dr. | Franklin 8 to the explana- 
tion of the origin, of the light. and heat which are gene- 
rated in the electric diſcharge z 1. on Which the principal 
phenomena in in electricity depend. Tt is true that i in Introd. 
Page 4 40, he Sys. that electric let and heat ariſe from the 


3 5 
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matual condenſation of theſe two mediums ; but,  accord- 
ing to his hypotheſis, theſe mediums, when in their na- 
tural ſtate, are always in a ſtate of mutual condenſation, 
anditherefore all bodies in their natural fide 4 wy 
pear n 
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42. th the ane ion 5 one 3 as darein 
on one ſide of a thin electric plate, it will be di- 
miniſhed on the other ſide, if there be à conduct- 
ing ſubſtance to convey it ae n che Weber 
| electric gas will be increaſed.” 3 185 OY 
| Becauſe either electric gas is Arongly repulſive of "itſelf, 
420 attractive of the other; and the interpoſed late is'fo 
thin as not entirely to obſtruct the electric ener. 
The electric plate, in this caſe; is ſaid ta be charged. 
43. If the electric gas at one fide of an eleo- 
tric plate be diminiſhed, the gas of 275 dams cel 
at the other fide will be increaſed. ag! 
J 44. The foree with which the contrary HR at- 
tract each other, is Teſs than the attractive force 
with Which th heir particles are held cbitibined Wal 
| the particles of the n 
For the component particles of all bodlies are Grete 


10 be combined with electric particles; now if the attrace 
tion between the contrary gaſes on the oppoſite ſurfaces 


were Licher equal to or greater than the force with which 
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the component electric particles are held by thoſe of the 
electric, it would become a conducto . 

45. In the charge, the quantity of hin of 
the electric is always very were tHe THING be: that 
of the natural ftate. 

"Becauſe a as much as either gas is increaſed on one fide of 
the electric plate, fo much Nog nearly v wills it be po 
on the other. FE ro 

46. The nearer the ſurfaces of a charged plate | 
are to each other, that is, the thinner the plate, 
the oreater is the force of the charge. 
| Becauſe the action of each gas is leſs obſtructed by the 
intervention of the electric. 45 
47. An electric plate may be fo thick as to be 
incapable of a charge. 

This will happen when the wk of the gas on one 
fide of the plate are removed to ſuch a diſtanee, as not to 
be able to act on the gas at the other, Mn 

48. Glaſs, though not abſolutely impervious to 
the electric fluid, is nevertheleſs ſo bad a conduc- 
tor as to be capable of a charge. 15 

49. An electric plate may have its ey of 
electric: matter on one ſurface increaſed; in a cer- 


tain RO” without __ e on dhe oppo- 
ſite ſurface. e 


Thus if a phial be infulated; 0 its knob connected with 
the prime conductor, and the machine put in motion, a : 
certain ny: of electrie matter ou be added t to the i in- 

0 Tide; l 
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jide; for if you touch the outſide, a quantity nearly equat 
to that thrown in, comes from it. Previous to the action 
of the machine, the two ſurfaces are in equilibrium, but 
the action endeavours to condenſe and accumulate the eleo— 
tric matter on the inſide with a force equal to that with 


which it accumulates it on the prime conductor; ; and this 


increaſed force on the inſide will accumulate the matter 
there, untill the incfeaſed_ repulſive forte ariſing : from that 
accumulation or condenſation is equal to the Wee 
force. - | 
"When the phil i is touched, the outſide becomes nega 
tive and the vial will be charged i in à low degree. = 
| It is however to be remarked, that ſome eledticians 
aſſert, that the reaſon why the matter can be accumulated 
at the inſide of an inſulated phial, is becauſe the air is not 
a perfect conductor. But were this ſo, the phial would be 
e previous to touching the outſide. 
50. A plate of glaſs Ry be ara FRA elcarified 
at both ſides. 8 
Cavallo and Morgan aſſert the contrary; and that when 
a glaſs plate appears poſitive on both ſides; it is cauſed by 
the ſuperior poſitive power on one fide, which predominates 
over the weaker negative of the other. But even thus they 
relinquiſh their principle, that | no electrie matter can be 
| accumulated on one fide, unleſs. an equal quantity paſſes | 
off at the other. Mr. Eeles on the other hand aſſerts, that 
both. ſides can be electrified poſitively, as may be inconteſ- 
tably proved by touching either ſide with an electrometer, 
| which will thus - acquire poſitive, and permanent. electrici ty, 
| whichever of the ſides it touches. 
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T, An inſulated ids. cannot be 8 . 
hy — the electric gas of one ſpecies may be increaſed 
on one ſide of the electric, yet the other ſide being inſu- 
' lated, muſt continue in its natural ſtate, and therefore there 
will be no charge. | 

825 FT he charge 8 an electric plate refides in the 
electric, and not in the coating. 


o 45 Eli circuit. 5 


53. 11 a communication be ſuddenly 5 xy 
tween the poſitive and negative ſides of a charged 
electric, the equilibrium will be ſuddenly reſtored. 
' This is called completing the circuit; and the act of 
union of che eee is en the leine 
ſhock. 

. The „ is not e reſtored 
by once completing the circuit. 

For the ſuperabundant electrie matter, which 5 8 
from the metallic coating upon the ſurface of the non. elec- 
tric, takes ſome time to return into that coating, after the 
part in contact with the coating has been n reſtored t to its na- 

tural ſtate by the diſcharge. 74 ; | 
85. A ſtrong electric ſhock, whatever may be 
: the length of the circuit, appears to be performed 
in an inſtant, through a good conductor. 
N A weak ſhock has been found to take ſome lite time 
. a long and imperfec̃t conductor. 5 1 
* The very ſame individual electric gas e 
3 H . cauſes . 


I mBrircthieny? 


abundance on the poſitive fide, is 
not trans erred to the "negative fide, den e cir- 
cuit is completed. 8 


Tt For the contrary e gas r ie 8 which 
forms the circuit, is firſt attracted by the negative fide. 


57. If an electric plate be charged negatively, 
and the circuit completed, the conductor Which 
forms the circuit will be e clectrified after 
the diſcharge. 

- Becauſe tlie dc mulated electric 8 one be of the 
electric is ſo far obſtructed by tlie i intervention of! che plate, 
aß to expel a leſs quantity on the other fide. 33175 

58. If the plate be charged eee the © con- 
Auetor, after the eee will be. e er, 0 
| rrified. 

659. If fete be tao different este to com- 
plete the circuit, the'diſcharge will always be made 
through that which conduets nm re er elſe 

: bare boat lame. e | 


; 5 9 the ain 18 = equally good, and of 
the fame length, the diſcharge will be made <qually | 
through them 8 


The force of the diſcharge, i in A \ given « circuit may be i 


chus weakened at pleaſure. 0 0 „ | | 
S DAT Bnet eee 25 The 


3 G. 
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3 The FR OY the electric ſhock; is weakened, 
by the length of the circuit. DT 2 
6g. If any part of the human body form. a per- 
tion of the electric circuit, it is obſerved; that the 
diſcharge is perceived 1 in that part only which forms 
the communication, en 525 e mn. be 
very great. e eee 99555 

64. If a conductor be connected with one fide 
of a charged plate, though | it does not make part 
of the circuit, yy. of ie Aden will a 
through it. 

This is called the lateral ae and Is cauſed 455 che 
interruption in the circuit, made by ae eng into it | 
bad conductors, or ſuch as are too ſmall, Ne 

65. Electricity finds ſome obſtruction i in paſing 
| through even the beſt conductors. 1 

For in ſome caſes it will prefer a ſhort paſſage 3 
the air, to a long one mts; the moſt perfect contigs 
tors. 

66. The t K een the nd ir through 

which it paſſes. 

This is 4 ebenen by ane. air 50. 
trometer. | 
67. If its paſſhge 95 . to a conductor 
be interrupted by non · condueters, of a moderate 
thickneſs, it will rend and tear them in pieces. | 

68. If one ſurface of a charged plate be per - 
Ms RO although the other communicates 

3 15 3 with 
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with the earth; no diſcharge of © either ew: ill 
| follow. EBT 
For the Hp electric matter of eiddidr kind, 
accumulated on the inſulated fide, cannot eſcape, it will | 
therefore, by its 3 _ aa Gy other ſurface 
in a contrary ſtate. „% ͤ 
69. If two electric e be a and: a com- 
munication be formed between the poſitive ſide of 
one, and the negative of the other, no diſcharge 
will follow, unleſs a communication be med be- 
tween the other two ſides at the ſame tine. 
© Becauſe the negative fide of one plate attracts the par- 
| ticles on. the poſitive fide with a force equal to or greater 
than the force of the negative particles of the other plate, 


of the Eleericity . the air. = 


70. x plete of air ny: be. charged, as s any y ther. 
electric. 

71. The . of the excitation ils thi 

ſame, a a charged plate of air will be more Copa 

broken, the thinner the plate. 

72. The ftrength of the excitation poing: the 
ſame, a charged plate of air will be more cafily 
broken, cæteris paribus, the leſs its denſity. ' 

13. The electric powers poſſeſſing the oppoſite 

ſurfaces of a cylindrical plate of air, whoſe diame- 

| "tot: is eraneldent, will be incomparably pf re- 
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fiſted by the interpoſed electric, than by the thin- | 
: neſt plate of air contained berweems ſurkaces of a 


finite magnitude. 
For the leaſt eylinder, whoſe te 18 \ 6nite ani thick- 
| neſs evaneſcent, is incomparably greater than the leaſt cy- 


linder whoſe altitude is finite, and e evaneſcent. | 


Toe Atwood's Electricity. VS 
14. Points ſilently diſcharge the dedric Avid. 


When a pointed body is preſented to any electrified Tar 5 


face, a cylindrical plate of air, of evaneſcent diameter i 1s 
charged with the contrary electricities , which therefore at- 


tract each other through the interpoſed electric; and to this 


attraction there will be little reſiſtance, becauſe the ; on 
ting of interpoſed air is very ſmall. 

75. If a pointed conductor be applied to any 
diſengaged electric matter, it will quickly with- 


draw it, and communicate it to the ſurface of the | 


ſurrounding „ 4% | 1 
For this reaſon it is, that we f prime . is ter- 
minated with points, which are preſented to the excited 
electric, and which therefore draw oſſ the electric matter, 
which by the friction has been diſengaged from the elec- 
tric, and lies looſe and uncombined upon its ſurface. - 
76. The electric fluid appears a diverging ſtream 


18 a point electrified poſitively ; and like a ſmall 


>” ſtar on a point electrified negatively. i 
orc Morgan has ſhewn, when the electric diſcharge 


is _—_— EE: a fluid N n is not à good 


| conductor, 


25 
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5 conductor, chat the flaſh proceeds lumigoufly and with 


ramifications from one end of the interval to the other. 
If the conducting power of the medium be increaſed, the 


light will paſs in a continued, undivided ſtream; and if 
the interval be then ſufficiently increaſed, the light will be 


viſible only at the extremities of the paſſage z in conſe. 
quence of the greater condenſation of the len at theſe 

extremities. See Lectures on Elect. vol. 2. p. 98, 99. It 
Is farther obſerved, that if there be two bodies, placed 
near each other, which are diſimilarly electrified, the po- 
fitive electricity paſſes in a divided, ramified flaſh; and the 
negative in one continued, undivided line of light. See 
Mr. Nicholſon's curious experiments in Adams's Elect. p. 
222. We may therefore infer, from comparing theſe ex- / 


periments, that the air is a better conductor of negative 


than of poſitive electricity; and probably it is to this dif- 


ference that we ſhould attribute the different appearances of 
tte ſtar and pencil. Poſitive electricity paſſes out from the 


electrified point into a medium which does not conduct it 
well; the light is therefore viſible on all ſides to a ſenſible 


diſtance, and conſequently appears as a luminous cone or 
pencil of light. But the negative electricity, paſſing into 


a medium which conducts it better, is viſible only at that 


_ extremity where there is a greater conſtipation of the elec- 


tric light, 'This conjecture ſeems to be confirmed by the 
following experiment, which was more than once made with 
particular care, and deſerves to be repeated: two equal 


and fimilar prime conductors, each furniſhed with a pith- 
| ball eleQrometer, were equally electrified at the ſame time, 


F I ” x " dons. LE £ . : * { Y | 
OSU” | | one 
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ene poſitively, the other negatively; it was found, that the 


poſitive conductor retained its eri much longer than 


2 the negative conductor. B 
77. A. current of air blown 3 Mr: . of 
| elecitic matter does not affect its appearance. 


78. There is a ſenſible current of air at an elec- : 


trified point, which is always in the direction of 


the point, whether the Sy be Con or ne- 


gative. 

For the air contiguous to 5 point wks Spotted of 
the ſame electricity, this plate of air therefore and the point 
repel each other; conſequently, in both gs, the. air vin 
move from the point. 

79. The electricity of an e body does 
not diſplace the ambient air. 


For the force with which the RE attrihe; the electric 
matter extends to an indefinitely little diſtance. | 


80. The atmoſphere is always electrified, but 
moſt commonly with poſitive electricity. 
81. Aerial vapours are endued with electricy. 
82. Hail is always attended with electricity. 


of ane amn. 


ha, 1 0 electrified. body: bona anſthin a certain 
diſtance from another, which is inſulated. and in 
its natura! ſtate, will produce the ſame kind of 


e 


© 


aw 
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electricity in the remote end of the body, which 
is not electrified ; and the contrary ee, in 


the nearer end. 


Becauſe the ens gas of the electrified body 
attracts the heterogeneous gas, and repels that which is 
1 in the near end of the body not electrified. 

If the inſulated body be of conſiderable 
OY the contrary electricities will follow _ 
other in alternate ſucceſſion. | | 

85. If an electrified body be brought . a 
certain diſtance from another which! is in its natural | 


ſtate, a ſpark will paſs between them. 


This is called the ſtriking diſtance. The electrified Way 
firſt produces a contrary electricity in the other, the -inter- 
vening plate of air is thus charged, and when the thickneſs 


of this plate of air, or the diſtance of the bodies is ſuffi- 
ciently ſmall, a diſcharge will take Ws which is mani« 
feſted by a flaſh or ſpark. "9734 


86. The electric ſpark will al ea a | greator 5 
interval of air to a conductor, the more re perfect its 


conducting power. 


Becauſe the more perfect i it is, . more anten will 
the electrified body induce a contrary electricity in the part 
which is next it; and therefore the greater will be the tend- 


| ency of the two electricities to unite. 


35. Long (parks 's are ne inflected in various 
directions. G 5 


- 
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This is cauſed by the electric matter paſſing through thoſe 
parts of the air, in which the beſt conductors are found. 

88, If the body which was previouſly in its na- 

tural ſtate be inſulated, after the ſpark paſſes, it 

will be found to have acquired the ſame electricity 
with the electrified bode. 1 40% 


For part of the ſuperabundant gas of che Gecwifee va 


will paſs from it, and thus both regs? winde ene in 
the ſame manner. - 1 


89. If two infulated conductors be 110 withit 

the ſtriking diſtance of each other, and an electri- 
| fied body approach one of them, a ſpark will paſs 
5 between the conductors; : that which i is more remote 
from the electrified body aſſuming the fame kind 
of electricity, and that which is neareſt to it, the 
contrary: if the electrified body be then removed, 
the ſpark will return, and both, fanden, will re- 
ſume their natural ſtate. 


This is called the electrical Returning 8 "Bog Lord 
Mahon” p EleQricity. 


90. An excited electric, after its power has been 
ſo reduced, as to render it incapable of communi- 
cating its proper electricity, does however ſtill re- 
tain a permanent degree of that power, by which 
it can produce a ſmall degree of influential electri - 
city in a conducting body which 1s in contact 
with it. | 


2-1 e gas 
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91% If. 4 conducting ſubſtance be W into 
; contact with an excited electric, and touched with 
aà conducting ſubſtance, and then removed by an 
inſulating handle, it will poſſeſs an electricity c con- 
| trary to that of the excited ſurface. 
For if the excited ſurface be poſitively excited, when . 
eonduAting "ſubſtance. is brought into contact with- it, and 
at the ſame time touched by a conductor communicating 
with the earth, all the communicated ſuperabundant elec- 
trie matter will: firſt paſs off; and the equilibrium of the 
remaining natural quantity will be diſturbed, the part 
next the glaſs being negative, and the remote part poſitive; 
but the contact of the conductor Rill continuing, the ac- 
| cumulated part. « of the remote ſurface will likewiſe paſs off, 
fo that when the conductor i is removed, and the conducting 

5 ſurface taken up by a non-conducting handle, it will be 

negatively electrified. The contrary will happen, if . 
excited ſurface be negative. See Milner's Electricity: 

92. If two bodies, equally and contrarily elec- 
trified, be applied at the ſame time toa third body, 
they will countera& each others effects. NG 

93. T they be electrified unequally, the fironger 
will manifeſt its proper effect, in | proportion t to the | 
difference of the powers. 1 
94. If one ſide of an inſulated coated plate 
| communicate with a body negatively electrified, 
that fide will become negative, and the other ſide 
will either continue in its natural ſtate, or become 

flightly 


Ll 
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lightly poſitive ; nevertheleſs an electrometer ap- 
plied to this latter ſide, will Ss. with OAT 
| electricity. | 
In this caſe the negative eleAricity, by its ſuperior force, 
influences the electrometer through the interpoſed plate. 

95. If the poſitive ſide of an electric plate or jar, 
ſlightly charged, be applied to a body ſtrongly elec- 
trified with poſitive electricity, an electrometer ap- 
plied to the negative fide, will 8 with pars 
tive electricity, 

For when two eleQtricities are e applied at the ſame inſtant 
to the ſame body, the effect is produced by their difference: 
in the preſent caſe, the poſitive electricity predominates 


over the negative, even OY the nen electric 
plate. 


: 
| 
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07 Magnetiſm in General. 


1. MAGNETISM is that power, by which the 
load - ſtone attracts iron, and other concomitant ef- 
fects are produced. Te 


The natural magnet or load-ftone is an iron ore, which 


contains a greater quantity of iron, either in the metallic 


ſtate, or not niuch oxygenated, than moſt other iron ores. 


It alſo often contains a portion of quartz and argill, and 


probably ſome ſulphur, becauſe, when made red hot, it 
has ee A: N ſmell. It 1 is about ſeven times 
heavier 
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hatin than diſtilled water; is of a dull browniſh black 
colour; its hardneſs is ſuch as juſt to afford ſparks, when 
ſtruck with ſteel; it is found almoſt wherever there is a 
good 1 iron mine; but not of any particular ſhape or ſize. 
2. The attraction between the magnet and iron 
is mutual. 

3. The attraction between the magnet and iron 
is ſubject to a variation, there being a limit to the 
weight and ſhape of the iron, in which it will be 
attracted moſt forcibly ; ; which limit can bs deter- 
mined only by experiment. 

4. N ſubſiſts between this magnet and 
iron only. 

Platina has been by ſome ſuppoſed to be anni hut 
more accurate experiments ſhew that it is not. One kind 
of Biſmuth: is ſaid to be repelled by the magnet in all caſes. 
See Cavallo, page 71. Almoſt every kind of animal and 
vegetable ſubſtance is affected by the magnet, after be- 
ing burned, but not before. Colourleſs precious ſtones, 
as the diamond and cryſtals, are not e ; neither 
the amethyſt, chalcedony, or topaz, or ſuch 4s loſe their 
colour by fire; but all others, as the ruby, chryſolite, 
and tourmalin are attracted. The emerald, and particu- 
| larly the garnet, are not only attracted, but frequently ac- 
quire an evident polarity. All ſuch action we muſt aſcribe 
to particles of iron in the compoſition of theſe bodies. | 

5. If a needle be brought near a magnet, there 
. will be found two points on the ſurtace of the mag- 
net, 
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net, towards which the needle e will and beben, 


aten. 555 
Theſe points are called the poles, and the line which 
. joins them, the axis of the magnet. 


6. The ſame magnet has Waben) more chan 
two poles. 


- 
4 


This is to be attributed to the heterogeneous f nature of 
the; magnet. 5 919463 ea 
7. Homogeneous poles repel, mr a heterogeneous 
poles attract each other. 1 
For the two poles of two magnets which are acirified ; 
by the: fame pole of a third magnet, are homogeneous 
poles; but theſe are found to repel each other. 
8. There muſt be ſome point between the poles 
of a a magnet, at which their forces are equal. 
This point is called the magnetic centre; but it is not 
e in the centre of the magnet. 
9. If a magnet be broke into two fragments in 
a tranſverſe direction, a magnetic centre will ariſe 
in each fragment, which at firſt will be nearer to 
the fractured end, but in time 1 towards 
the middle of the fragment. 


Fy 


Since the particles of the magnet are within ihe ſphere 
of each others action, they will act with more advantage N 
on thoſe which are in the middle of the magnet, than on 
ſuch as are at any diſtance from it; and conſequently the 
central particles vin oe. more xx orderly. diſpoſed according to 


their 


* Ky 
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ef polarity. i Fe when the magnet is inves the 

1 10. The force. of 8 ee 75 1 de 
ſeparately conſidered may be conceived to be con- 
centrated in ſome point between the en of 
the magnet and the magnetic centre. 


11. If a magnet be cut eee its axis; aki 
| pats 'which were before: in e be now "ou 


each other, 
- 1 they are homogeneous poles by Art. 7. 

12. If a magnet be cut in 4 direction perpendi- 
cular to the axis, each part will be a perfect mag- 
net, the polarity of the parts which were before in 
contact being contrary. | 


13. It a. magnet be pulyeriſed, every 1 


will be found to be a complete Mae, endued 
with two contrary poles. „„ 


14. If a magnet be pulveriſcd,. 1 the 3 | 
Fama put. into a glaſs veſſel, the magnetic virtue 
will either vaniſh, or will be found ton be ee 


much weake ned. os mt log e e 


Becauſe the ar e of many 2 PRs will Lhe . 
and will therefore counteract . en one ne | 


what the other. repels. 


„15. The eee e 5 a We wits b 


all complete magnets in themſelves, ſome philoſo- 


Phers have h that in its original ND 


they 


©, 


432 MAGNETISM. 


they would arrange > themſelves l. in an orderly poſi- 


tion, the homogeneous poles looking the ſame way, 
fo that the heterogeneous 1 which attract X each 
other, would be in contact. 1 8 pos Bf 

Clare, in his Motion of Fluids, adopts this opinion from 
Sir Iſaac Newton's Queries: e It is not improbable,” ſays 
Newton, < but that there may be a polarity in many other parts 
of matter, as well as in the magnet and iron, in which they 
are certain and inconteſtable. That there is ſuch a pro- 
perty in ſeveral fixed and eryſtalliſed ſalts, is pretty. ap- 
Phent, by their always ranking and diſpoſing themfelves in 
one certain, unalterable manner, as often as they are re- 
duced from a fluid to a fixed ſtate. w_ But this opinion 1s 
more particularly inſiſted on and illuſtrated by Mr. Kirwan, | 
in the Tranſ. of the R. I. Acad. vol. 6. V 

16. The ſmalleſt quantity of antimony mixed 
with i iron deftroys its polarity. . 6. 

This probably ariſes from the magnets eryſtallifi ing in 
a manner different from that which takes place in the na- 
tural magnet; for different ſubſtances aſſume different forms 
in cryſtalliſing. JCCCCCVVVVV 1599-200) 147 
net > Hiw od Fo Titten i path eg 

N Ellis, in bis Voyage to Hudſon's Bey, relates, 
that in an intenſe cold, his compaſſes loſt their directive 
power; and that 6n bringing them near the fire, they ſoon 
recovered it. This ſeems analogous to the preceding ar- 
18. Heat weakens the power of a magnet. 


17. Extreme cold has an eee en the _ 


„ 


TR 
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For, by the heat, the e are thrown into a ens 

| lous motion, ſo that the regular diſpoſition of the homoge- 
neous poles is diſturbed. OM 
19. The attractive force of the ca varies 


in the inverſe duplicate ratio of the diſtance 
This is proved by the experiments of Monſ. Coulomb, 
| Aid. Science, Paris, 1785. Former philoſophers failed 
in their reſearches as to this law, becauſe they did not take 
into their calculation four diſtances, 25 is neceſſary, viz. 
between the centre of action of each of the two poles of 
the attracting and attracted body. The fame ching is like- 
Wile proved by M. Lambert, Mem. Berlin, Tom. 22; but, 
I believe, firſt of all by Mr. Michell. Muſchenbroek 
thought that the repulſive power, at equal diſtances, was 
leſs than the attractive; but Mr. Michell ſays, that this is 
a miſtake; which aroſe from his not conſidering, that when 
the contrary poles are placed together, the power of the : 
magnet is increaſed; but if the e e poles be woe 
8 its force will be diminiſned. 6 ; 

20. The attractive force of amilar magnets iS 
| proportion to their ſurfaces, | . 

This appears from the experiments of M. Dan. Bernouilli. 
See Journ. Helvetiques, Nov. 1758; and alſo a letter to 
Monſ. J. Trembley, inſerted in Sauſſure's Journey to the 

Alps, vol. i. p. 58. See alſo Hutton 8 Magnetiſm, P. 72. 
This fact ſeems to ſuggeſt the operation of a magnetic fluid, 
which acts, like the electric fluid, in proportion to the ſur- 

face, and not as gravity, in proportion to the q antity of | 
and 


042: 
N 


21. Smaller 
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21. Smaller RET magnets have a greater ut 
trackive power than larger, in Ne re ee 
5 fize. . 3 > SOIT EO 

This follows from the laſt article. FL | 

22. A natural magnet, cut off from a larger 

will ſometimes be more po rerfut than the entire 


* * ” * * - | ORE 


original load-ſtone. | 
This muſt be attributed to the heterogeneous matter in 
the larger « one, which obſtruẽts che action of the purer part. 
23. A plate of f iron, but no other body, inter- 
poſed, can are the We of the load-ſtane. 


o the 22 of Meguet 0 ON rich other. word) 


„4. If a magnet be ſuſpended near ot hich 
is fixed,” the former will be turned out of its uſual 
poſition, ſo that its axis ſha} approach e co- 
incidence with the axis of the fixed magnet. 

This is called the directive N of the hg 04 
| follows from Art. . . 

25. The directive power of a magnet os to 
a bo” pare diſtance than its attractive power. 

For the former ariſes both from the attraction of the he- 
terogeneous and repulſion of the homogeneous ee the 
Etter fubſiſts only between heterogeneous poles. 

286. The magnetic power in two magnets wHth be 
| ey. by letting them remain with their con- 


| TI pes together. 
27. 15 
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i BY. If the homogeneous poles of two magnets 
- be placed together, hex will | defiraye each other's 
effects. 3 | 

28. If the 1 i 1 a ſtrong and a 
weak magnet be placed together, the polarity of 
the weaker will be firſt diminiſhed, then annihi- 
lated, and at laſt reverſed. | 

29. If the homogeneous poles of a ſtrong FF | A 
weak magnet be, placed oppoſite and near to each 
other, the magnetic centre of the weaker will gradu- 
ally recede towards the extremity. which 1s fartheſt 
from the ftronger magnet, until at length, when 
the poles are reverſed, a new RR centre will 
| avis: | „ 

For the magnet will firſt change & the potion of the —_ 
cles in the end next to it, to ſome certain diſtance; and the 
5 particles which retain their original poſition, for a certain 
portion, will form a counteracting power to chat of the in- 
verted particles; therefore the magnetic centre will be 
nearly in the middle of the remaining part of the magnet, 
and conſequently nearer to the remote extremity of the 
bar. a | 
30. A magnet attracts another of equal ſtrength 
more forcibly than a piece 0. Iron of any dimen- 


ſions. - | | 
dee Van Swinden' 8 Mem. 1 5 ii. p- 50. 


31. A magnet attracts a weaker magnet more 
3 K 2 ag ere, Tag 
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forcibly than a piece of iron =o: the ſame hardneſs 
and dimenſions. CCC 
32. If a ſmall piece of iron be brought inte S | 
tact with a magnet, and adhere to it; and if a bar 
of iron, not magnetic, be then brought near to the 
| load-ſtone, but without touching it, the ſmall piece 
of iron, as ſoon as it is touched by the bar, will fol- 
lo it, and deſert the load-ſtone. _. 25 
See Mem. de Acad. Os: p. 276. 283 RY Evinus 5 
Tent. . 160. | | 


951 Hrificia Magnets. 


. — * 5 2 
* 4 


33. If. a bar of. Iron be brought near a magnet, it 
pt be rendered magnetical, that part of it which is 
_ neareſt to the magnet acquiring a contrary. polarity. | 
Iron rendered magnetical is called an artificial magnet. 
34. In whatever manner an oblong piece of iron 


De applied to the load- tone, it will receive its vir- 


8 toe ody lengthways. e eee, eee bogus 
80 2 If an artificial magnet be cut through the 
axis, the parts which were. before in contact win 
repel each other. | 

This i is conformable to Art. 17. 

36. If an artificial magnet be cut in a direction 
perpendicular to the axis, each part will be a per- 
fect magnet, the polarity of the parts, which were 
before i in contact, being contrary, 

This is conformable to Art. 12. 


37. Since 
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37. Since an iron bar rendered magnetic, has 
all the properties of a natural magnet, we may 
conclude, that its conſtituent particles are endued 
with polarity, and are brought into a regular dil. 
poſition by the action of the magnet. 05 

38. If a ſmall dry glaſs tube, filled with iron 
filings, preſſed clole, be touched with a magnet, 
as if it were an iron bar, the tube will be rendered 
magnetical ; and if the tube be then ſhaken, ſo 
that the ſituation of the filings e diſturbed, 
the magnetic virtue will vaniſh. | 
Becauſe all the particles are made, by the touch, ſo 


many magnets, whoſe homogeneous poles look the ſame 
way; but when ſhaken, this orderly diſpoſition i is diſturbed. 


39. A bar of ſoft iron acquires- and loſes e 
netifm ſooner than a hard bar. | 
40. If a bar of iron be preſented to the mag- 
netic 1 it will not acquire magnetiſm. 
| . If a ſmall magnetic needle moveable on a 
3 be placed between two magnets, ſo that 
the heterogeneous poles of the needle and the 
magnets may be near each other, the needle will 
be thrown into a violent vibratory motion, which 
will continue for ſome time, and at length the 
needle will become perfectly quieſcent. 

42. A long bar of iron or ſteel, or a long piece 
of iron, ſuppdſe of three or four feet, may have 
ſeveral poles following each other alternately. 

For 
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For the pole of the magnet next the iron bar generates 
* a,contrary polarity in a certain portion of it; and that part, 
for the ſame. reaſon, generates a contrary polarity in the 
next part, and ſo on. Theſe ſucceſſive poles become gra- 
dually weaker in power, according as they recede from that 
end of the bar, which i 18 contiguous to the magnet, 

This conſecution of poles reſembles the alternate ſucceſ- 
ceſſion of the contrary electricities in an inſulated conductor, 
See Art. 82. Electricity; and therefore „ the exif: 
tence of a magnetic fluid. e | 

43. When ſeveral poles alternately follow each 
other, as in the laſt article, the firſt magnetic cen- 
tre is very near that end of the bar, which i is 5 next 


to the magnet. | 
44, A magnet cannot communicate its action 


ryough an iron bar which exceeds a certain length. 

This length depends on the force * the ee but it 

very ſeldom exceeds ſix feet. c 

45. There is no magnetic Aburaftion but be · 
tween the contrary poles of two magnets. 
+; For iron preſented to a magnet muſt itſelf become a 
e before it will be attracted. _ 

46. Both poles of a mag a 5 attract 
les till they are touched; then it is, and then 
only, that one pole begins permanently to attract 
one end, and to repel the age 


„ 


mere apply one Nd to: a » magnetic needle, if 
it 
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| Irattracts both ends of the needle, it is not mag- 

netic; but if it attracts one end, and OR the 
other, it is magnetic. | 5 

48. If one end of a magnet be: Mains ak a 
Keel; or any bar of iron or ſteel, ſeveral times 
| / in the ſame direction, the needle or: bar will -be- 
come magnetic; and that extremity of the iron or 
ſteel, which the magnet touched laſt, acquires a 
polarity contrary to that of the end of the. s- 
net which touched it. {4.29 KH 


This is called the 1 85 touch, PIPE is anbei W 


Art. 33. 


49. If t the magnet. be dc ina co di- E 


hs, it takes away by the ſecond ſtroke, the 
magnetiſm which it communicated; by the firſt. 


.: 50 If two magnetic bars, parallel to each other, 


and whoſe homogeneous poles lie contrary. ways, 
be ſet perpendicularly on an horizontal bar, and 
then rubbed from the middle to one end; and ſo 
backwards and forwards, ſeveral times, ending 


the middle, the horizontal bar will be öde 


magnetical; and its ends will acquire a polarity 
contrary to that of the reſpective ends of the per- 
pendicular magnets which touctted them. 


This is called the double touch, and is founded on Ve 


ſame principle with Art. 48. 
* 5 The 


DO 
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51. The power of a magnet is rather increaſed 
than diminiſhed OY Rs ons, magnetiſm wy 


52. A magnet cannot communicate a [greater 


—_ than itſelf poſſeſſes. 


226 J The attractive power of a magnet may 10 


e conſiderably, by gradually TOO wr 


weight which it ſuſtains, 
54. The holding a piece of iron to one pate of 


a magnet, increaſes the power of the others" 9 Jai 
This follows from Art. 51. Td 
55. Several magnets of nearly an equal degree of 15 

magnetiſm, when joined e Are a er 

power than one of them ſingl : ee 
56. If two pieces of ſoft iron be adapted to the 


two poles of a magnet, ſo as to project on the 


ſame ſide of the magnet in a direction perpendicu- 
lar to its axis, theſe pieces themſelves being ren- 
deted magnetical, another piece of iron may be 
applied to their projections, ſo as that both e 
may act in conjunction. | 


Jo determine the quantity of iron which i is to be Ce 


applied, try. the magnet with ſeveral iron bars,” and the 


greateſt , which, it takes up, will be the: pg re- 


inn r 


5 * - % * 
, * 9 S 95 15 7 I . - 
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This is called the armature. For the ſame purpoſe, and 


to avoid the armature, magnets are often made in the form 
of a horſe-ſhoe, having the poles in the extremities. 

7 The magnetiſm of iron 1s e in Pro- 
portion as it is more diſoxygenated. 


58. There are ſome refractory mines of iron, 


which are not magnetical till after calcination. 


59. Vitrification does not change the magnetiſm | 


off iron. 


60. Pulyeriſation makes no 0 change in the mag- 


netiſm of iron. 


Y the aral of the Earth: | 


3X 1 — 


G3; The earth has been ſuppoſed to In a a great 


magnet. Five 
For it + na all the phenomena 0 ol A; natural may: 


net. 


| . . Mr. Kirwan 100 Sr, great i en- 


deavoured to ſhew, that the earth is a great magnet, forme . 


by the chryſtalliſation of its iron and magnetic ores, from 
a fluid ſtate, in which it exiſted at its formation. And as 
5 the ſhoots of the chryſtalls would. be found in that direc- 


tion in which they were leaſt diſturbed, they would 4 


lie orderly i in a direction parallel to the axis of the earth, 
and the a axis of the magnet coincide with the. axis on rota- 


tion. 


AH; 
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Nevertheleſs, there appear ſtrong objections to this hy- 


pPotheſis, See Zpinus, p. 300: As 1. Iron is not found 


to be heavier near the poles, than towards the equator. 


2. If a bar of ſoft iron be held vertical, it is rendered 
magnetic; if horizontal, it quickly loſes that power; chere- 


fore in the vertical poſition ĩit ought to be heavier than in 

the horizontal, which does not appear to be the caſe, See 
Cavallo, . magnetic needle, lying on a 
piece of cork, be foated on water, it ought always to move 
to the northern ide of the veſlel, and not continue at reſt 


in the middle. 4. Though many ſtones and ores are 


impregnated with iron, yet they are not in that ſtate 
magnetical, See Cavallo, p. 16. that is, they will not af- 


g ſect a magnetic needle, though they themſelves may be 


affected by a magnet. 5. The magnetiſm of the earth ſeems 
ee, with the variation of the needle. 
62. The poles of any magnet will be directed 


one towards one of the magnetical poles of the 18 
the other towards the other. | 


This follows from art. ) and 61. The pole which is a 
rected towards the north pole of the world, is called the. 


—— 'the'other the ſouth pole. 


The magnetic axis of the earth is not coin- 


| ident with the axis of revolution. | 8 


For the north pole of the magnet is not directed ah 
towards the pole of the world. This is called the variation. 


64. The magnetic needle | is ſubject to a diurnal 


variation, moving in northern latitudes, generally 


towards 


. 
ad 
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towards the weſt x before noon, and Meads: gra- 
dually returning. 


It has been conjectured that this may ariſe from the 


diurnal change in the heat of the earth; for the eaſtern 


parts of the earth being heated faſter in the morning than 


the weſtern, their attractive force on the needle will be 
weakened, by Art. 18, and therefore the needle will move 
weſtward. 7x , 


But the magnetical nas , to which we attribute the 
direction of the magnetic needle, is certainly buried at a very 


conſiderable depth below the ſurface of the earth ; whereas 


we know, that the line which ſeparates the terreſtrial cruſt, 


ſubject to the influence of heat and cold, from that which is 


not ſubje to it, does not lie far below. the ſurface, for in 


| caves of even moderate depth, the thermometer preſerves 2 
permanent ſtate. 


65. The e needle i 18 ſubiect to an annual 


variation. | 


Doctor Halley endeavoured to account for this Phæno- | 


| menon, by ſuppoſing, 'that the axis of the magnetic nucleus 
was not exactly coincident with the axis of the earth, and 
that this nucleus was alſo moveable within the body of 
the earth. However it has been found, that the variation 


is not regular in any place, as it ought to be on this hypo- 


theſis. It is however ſingular, that the Mites, or Eagle 


| ſtone, which is of the claſs of iron ores, contains a nucleus, 
which is frequently moveable in the centre of the ſtone. , 


"yy Oey Chem. V. 3. p. 219. 


3 | | 66 The 5 
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66. The Aurora Borealis 0 irregularities 


in the declination of the needle. 6 
For during an aurora borealis the needle is, in W 


much diſturbed, while a ſimilar needle of braſs is not at all 


agitated. Since it is unqueſtionable that the aurora boreas 
lis has a magnetical influence on the needle, and that the 


needle is ſubject to a daily variation, perhaps the aurora bo- 


realis exiſts daily in the atmoſphere, ſo as to produce this 
daily variation, and the annual variation alfo. 5 
67. If a magnet be ſuſpended on an horizontal 


axis at its centre of gravity, ſo that it may vibrate 
in a vertical circle, the north pole of the magnet, on 


the northern fide of the equator, will be depreſſed ; 


and the ſouthern pole depend 7 in the 388 la- ; 


titudes. | 
Becauſe | in | Northern latjeudes, the influence of the nor- 


. 


chern magnetic pole of the earth is predominant. This is 


called the dipping needle. | At the equator there is no dip, 


If a needle were placed exactly E. and W. at the equator, it 


would remain ſo; 3 but on the lighteſt e it would tra- . 
"ry and point, N. and 8. | 


68. If a bar of ſoft i iron be kept vertical, or rather 


parallel to the magnetic axis of the earth for ſome 
time, 5 will become magnetic, the lower end ac- 


quiring a north polarity in the northern latitudes ; F 


but in the ſouthern parts of the earth it acquires a 


bouth polarity. On reverſing the bar, the poles are 
1 7 XY _ immediately 
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intienediately changed. This follows from Art. 3. 3 ; 


and 61. 

69. In northern Intitudes) the ſouth dle of A 
magnet is ſtronger than the north pole 
70. If an iron bar made red hot, be left to cool 


in the magnetic line, it will acquire a degree of 


magnetiſm, which is more or leſs permanent ac- 
cording to the nature of the iron. 5 

For the iron, while red hot, is ſoft, and therefore che 
earth, or perhaps ſome atmoſpherical cauſe, can more eaſily 
render it magnetical; but when cooled, it becomes harder, 
and conſequently more tenacious of the power it has ac- 
quired. 


71. If an iron bar held vertithd, © rubbed al- 


ways in the ſame direction againſt an horizontal 


bar from one end to the other, the horizontal bar 
will become magnetical, that extremity which Was 


firſt touched, being the north pole in the "I 


parts of the earth. . 
For the vertical bar either by che action of the earth, or 


of ſome cauſe exiſting in the atmoſphere, becomes a mag- 


net, whoſe lower end therefore acquires a north polarity 
by Art. 68. therefore by Art. 48. the extremity laſt touched 
acquires a contrary polarity, that is, a ſouthern polarity 


and of courſe, the GY which 1s firſt touched, ac- 


Mein a northern polarity. 


72. . an Horizontal | bar be robbed from votha; | 


| ends | 


FE 1 5 


— 


\ 
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5 2 to the middle, it will have two north e 


one at each end, and a ſouth pole i in the middle. 

73. If the horizontal bar be rubbed both ways 
from the middle to the two extremities, it will 
have two ſouth poles, one at each end, and a north 


pole 1 in the middle. 


74. If an iron bar be held vertical, a . ſmart 


ſtrokes of a hammer will give it polarity. 


This ſhews, that a certain diſpoſition of the particles of 


iron is requiſite, in order that it ſhould be magnetical; 


which is the opinion 4 Van nen . his Memoirs, 5 


Voi. 1. p. 479 


. 5. If a bar, weakly ce; be held verti- 


cal, and ſtruck alternately at each end, its f | 


may be deftroyed or reverſed. 
If the polarity be deſtroyed, we may conclude ſnow Art, 
38, that the homogeneous poles of the component or ele- 


- mentary magnets, are thrown into contrary poſitions, by the 


contrary vibrations produced by the ſtrokes of the hammer 


at each end of the bar, If it be reverſed, by parity of rea- 
ſon we infer, that the greater part of the particles have 


the poſition of their poles inverted. 
76. The electric ſhock frequently gives polarity 


to iron Les through which it is tranſmitted. \ 


through the bar, it agitates the parti- 


cles of the iron, and therefore produces an effect ſimilar 
to that in Art. 74. So that electricity, as ſuch, does not 
ho contribute to che communication or deftruQion of the mag- 


_ netic | 


— 
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netic virtue, but merely on the principle of exciting a tre- 


mulous motion amongſt its particles, ſo as that the earth or 


atmoſphere may give. that e on wy n 
| ſcems to depend. 11125 


577 he aurora borealis is probably a magnetic 1 


meteor. 22 N 
For 1. the RA IH pole of Pi verde appears to follow 


the aurora borealis, See Van Swinden's Mem. Vol. p. 247. . 


2. The rays of the aurora borealis ſeem to converge to the 
magnetic pole. See Mairan, and Encyclop. Brit. alſo Caval- 


lo, p. 331, and Meteorological Obſervations and a 
J. Dalton, An. 1793. 3. A magnetic needle appears much 


diſturbed during an aurora ee 1 a ſimilar W 


of braſs is not | agitated.” | fs ee eee 


| i of the Ca iſe f Meri. 3 

756. There 1s no direct experiment 3 which the 
exiſtence of a magnetic fluid can be proved. 

The opinion that magnetiſm was occaſioned by a. Lui, 
entering in at one pole, and paſſing out at the other, took 
its riſe from the following experiment : : having put a ſmall 
magnet among ſome iron filings, laid 1 upon a piece of paper, 
Jive the table a few gentle knocks with your hand, fo as 
to ſhake the filings a little, and they will diſpoſe „ 
in curves terminating at the poles, and concave towards the 
axis of the magnet. But this effect is occaſioned merely 
by the ON of the magnet on the flings, each particle. 


becoming 


2 
A 
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e fits ek we fanned en 
ſtrings of magnets, reaching from one pole of the on DT 
and principal magnet to the other. | 
79. Nevertheleſs, it ſeems that the 8 « 
a magnetic fluid muſt be admitted; becauſe we 
5 conceive a body to act where it is not. | 
+ «. That gravity,” ſays Sir I. Newton, 4e ſhould be in- 
| nate, inherent and eſſential to matter, ſo that one body 
e act upon another at a diſtance, through a vacuum, 
"4% 1 i without the mediation of any thing elſe, by and through 
which their action and force may be conveyed from one to 
another, is 1 ſo great an abſurdity, that I believe no 
man, Who has in philofophical matters a competent faoulty 
#: of thinking, can ever fall into it.“ See © * poem 
| Newton, vol. iv. p. 438. * * 
7 80. It ſeems probaþle thag 
* ariſe from cauſes.exiſting i in the atmoſphere. | 
i The magnetic needle is certainly affected by atmoſpheri- 
ar cauſes ; ; and therefore all its phenomena, perhaps, de- 
. on the ſame cauſes, The magnetiſm of the earth i is 
an hypotheſis, but the influence ond e | cauſes: on 
| the needle is. $96,” 22 TO: 
1, Magnetic phenomena depend c on a «inedium | 
more ſubtle than air. g 


- N Te 


For the magnet attract i iron with the fame force i in vacuo 


#1 agnetic phenomena 


| as in the open air. 
. Electricity and gd do not interrupt 
| ach other 8 operation. — 5 
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e an electriſied magnet attradhs light bodies. of all © 
kinds by its electric power; at the ſame ting at it „ 
tracts iron by its magnetic virtue. „ 5 
08 3. The cauſes of electricity a and magnet are 5 
different. e | „„ „ 

Becauſe, 1. Electricity as: on al bodies, e 5 
on iron only. 2. Electricity affects the ſenſes, magnetiſm > 
| dbes not. 3. Points neither ſupply nor abſorb the magnetic 
fluid more abundantly than blunt bodies, as they do-in elec- 
tricity. 4. Moiſture diminiſnes electrical action, but has 
no influence on magnetiſm. - 5. The whole of any ſub- 
ſtance may acquire one kind of electricity throughout; but : 
every magnetic body has both kinds of magnetiſm. 6. The 
Aurora Borealis is not an electrical meteor, yet it influences 


5 che magnetic needle. . | 
84. Though the, electric a . powers | 
' are different, yet there ſubſi ft a ſtrong une ber 
tween them. | | 
As, 1. Electricity is of two kinds; ſo is magnetiſm | 
2. Bodies ſimilarly electrified, or ſimilarly magnetiſed re- 
pel each other; if diſimilarly, they attract each other, 3. | 
There is no electrical or magnetical attraction except be- 
tween bodies differently electrified or magnetiſed. 4. If 
a body be brought x near another which is electrified, its end 
next the electrified |} body acquires the contrary electricity, = 
and the remote end of it the ſame. kind of electricity; 3 ſo in 
magnetiſm, and in this caſe, the neutral point is analogous 
to the magnetic centre. 5. The different kinds of electricity ; 
and magnetiſm weten ſucceed each other alternately, for 
© i "ps 5 3 M 7 ; | feve- 
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] ſeveral! e We the ſame bale; o alſo in * 6. One 
, kind of electricity or magnetiſm cannot be produced without | 

the other. 7. A body more powerfully electriſied or mag- 

netiſed than another which is in the contrary ſtate, when 5 

=] applied to it, will change its electricity or magnetiſm. 8, If 


an excited electric be broke tranſyerſely, the parts which were 


before in contact, will be found diverſely electrified, ſo in 
magnetiſm. 9. The electric and magnetic powers are pro- 


portional to the ſurfaces, not to the fold contents. of the . 


electrified and magnetic, bodies. 10. A vanfiderable de- 
; a of heat deſtroys both electricity and magnetiſm, 


8 5. Animal magnetiſm appears to be a mere fi bg 


ment 3 and all the effects aſcribed to it, have been 


produced either ed the bangs or 7 auen | 
! applied. a 
86. Medical effects have been due on hs 


. kuman my by the external ns of kgs 
'F ners 


It Apfrare that 4 magnet acts as a Fedative or e 


mo dic. | Brimſtone and camphor, applied externally to the 


body, have been found to act in the ſame manner. Hence 5 
we may derive another argument in favour of the exiſtence 


| of a magnetic fluid; for we can ſcarcely ſuppoſe, that the 


magnet produces this effect by its merely attracting he, : 
pelling the particles « of i iron which are in the blood. But ; 


this ſeems to be put beyond Wl doubt” hy obſerving, chat 
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